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Plat^ I. I. — Influence of amount of infestation on injury from tobacco rootrot: 

A, All uninfested soil; B, three-fourths uninfested soil; C, one-half nnin - 
fested soil; D, one-fourth uninfested soil; E, all infested soil. II, III. — 
Influence of moistiue content of soil on the amount of injury done by the 
tobacco rootrot; II, infested soil; III, uninfested soil (control series}— lA, 
one-fourth saturation infested soil; 2 A, one-half saturation infested soil; 

3A, three-fourths saturation infested soil; 4A, fall saturation infested soil; 
iB, one-fourth saturation uninfested soil ; 2 B , one-half saturation uninfested 
soil; 3B, three-fourths saturation uninfested soil; 4B, full saturation unin- 
fested soil. IV. — Influence of soil temperature on the growth of tobacco in 
infested soil (jars to left of temperature labels) and in uninfested soil (jars to 
right of temperature labels) at temperatures of approximately 13®, 17°, 23®, 

26^aud 36° C : 86 

Plate 2. I. — Soil temperature tanks used in the temi>erature experiments, 
n, III. — Influence of soil temperature on the growth of tobacco: lA, in- 
fested soil, 17^-18® C.; 2A, infested soil, 20°-2i® C; 3A, infested soil, 23®- 
24° C; 4A, infested soil, 25^-26° C.; 5A, infested soil, 28^-29® C.; 6A, 
infested soil, 3i°-32° C.; iB, tminfested soil, C.; 2B, uninfested 

soil, 20^-21'^ C.; 3B, uninfested soil, 23°-24'’ C,; 4B, uninfested soil, 25®-^6® 

C.; 5B, uninfested soil, 28°-29° C.; 6B, uninfested soil, 3r°-23° C. IV. — 
Influence of different soil temperatures on root development: lA, uninfested 


soil, C.; iB, infested soil, 17^-18® C.; 2A, uninfested soil, 2o®-2r® 

C.; 2B, infcjited soil, 2o°-2i° C.; 3A, uninfested soil, 23°-24° C.; 3B, in- 
fested soil, 23 “-'24® C.; 4A, uninfested soil, 2 5°-26® C.; 4B, infested soil, 
25^-26® C.; 5 A, uninfested soil, 28^-29® C.; 5B, infested soil, 28®-29® C; 

6A, uninfested soil, 3r°“32® C.; 6B, infested soil, 3i°-32° C 86 

Plate 3. Influence of high (30® C.) and low (20® C.) soil-temperature on 

recovery of plants in infested soil 86 


Plate 4, I, II. — Influence of soil reaction on extent of damage by tobacco 
rootrot: I, Infested soil ; II, uninfested soil — r A, infested soil, lime require- 
ment 9.38 tons per acre; 2 A, infested soil, lime requirement 7.19 tons per 
acre; 3A, infested soil, lime requirement 4.60 tons per acre; 4A, infested 
soil, lime requirement 2.62 tons per acre; 5A, infested soil, Ume require- 
ment 0.72 ton per acre; 6A, infested soil, slightly alkaline; 7A, infested 
soil, strongly alkaline; iB, uninfested soil, Ume requirement 9.38 tons per 
acre; 2B, uninfested soil, lime requirement 7.19 tons per acre; 3B, unin- 
fested soil, lime requirement 4.60 tons per acre; 4B, unipfested soil, lime 
requirement 2.62 tons per acre; 5B, uninfested soil, lime requirement 
0,72 ton per acre; 6B, uninfested soil, slightly alkaline; 7B, uninfested soil, 
strongly alkaline. Ill, IV. — Influence of the amoimt of oi^anic matter 
in the soil on injiuy by tobacco rootrot: III, 1A-6A, Influence of gradually 
increasing amounts of organic matter in infested soil from lA, no organic 
m after, to 6 A, all leaf mold . IV.— r B--6B , Influence of gradually increasing 
amounts of organic matter in tminfested siol from iB, no organic matter, to 
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6 B, all leaf mold (control series).’ V, VI. — Influence of the amount of 
organic matter in the soil on injury hy tobacco rootrot: V , i A-3A, Influence 
of gradually increasing amounts of organic matter in uninfested soil from i A, 
no organic matter, to 5 A, all leaf mold (control series); VI, 1B-5B, Influ- 
ence of gradually increasing amotmts of organic matter in infested soil from 

iB, no organic matter, to 5B, all leaf mold 85 
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sand; 4B, infested soil, all sand. II, III. — Influence of soil fertility on 
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salts; 4B, uninfested soil, 14.00 gms. of nutrient salts; 6B, uninfested soil, 

28 gms, of nutrient salts; 6B, uninfested soil, 56 gms. of nutrient salts. 

Note injury from nutrient in pots 5B and 6B. IV. — Relation of com- 
pactness of soil to injury caused by Tkielavia basicola: lA, infested soil, 
loosely packed; iB, uninfested soil, loosely packed; 2 A, infested soil, 
very compact; 2B, uninfested soil, very compact. V.— Influence of 
transplanting infected seedlings in healthy soil: A, Permsylvania 
Broadleaf infected seedlings; B, Pennsylvania Broadleaf healthy seedlings 
C, White Burley infected seedlings; D. White Burley healthy seedlings; 

E, Northern Hybrid (a resistant type) infected seedlings; F, Northern 

Hybrid (a resistant type) healthy seedlings 35 

Plate 6. Soil temperature graphs for the month of June, 1915-1918, inclusive, 
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MEAT EXTRACTS, THEIR COMPOSITION ANiJ IDENTf- 
FICATION 


By James A- Emery, Senior Biochemuf, and Robert R. Heneey, Biochemist, Bio- 

chemic Division, Bureau of Animalindustry, United States Department of Agriculture 

INTRODUCTION 

The historical aspect of meat extract has been presented so extensively 
in the numerous artides which from time to time have appeared in the 
literature that it is not considered necessary in this paper more than to 
refer to that phase of the question. As is well known, this product, now 
so generally used, owes its origin to Liebig, thfe chemist whose process 
for its preparation, as modified by Pettenkofer, has been in use in one 
of the large commercial houses ever since 1864, 

In the method of preparation as originally described, muscle tissue 
alone was used for extraction, but in more recent years various influential 
factors, the foremost being the utilization of waste products, have caused 
many of the manufacturers to adapt the principles of the original process 
to the preparation of extracts from edible portions of the carcass other 
than true musde tissue. Livers, spleens, hearts, cured-meat cook water 
roast-beef soak water, and bones to which more or less meat is adher^it, 
are among the materials now employed, and the food analyst of to-day 
is confronted with many difficulties in his attempts to establish the 
identity of an extract under examination. 

This investigation, therefore, was undertaken with the view of obtain- 
ing information regarding possible differences in composition of the 
various extracts that might be applied in formulating methods for their 
identification. 

preparation of extracts 

commErciai. method 

Extracts of the various tissues and organs, such as chuck and plate 
(representing true mu^e tissue), cured meat, bones (with and without 
adherent meat), hearts, livers, spleens, etc., were prepared, under the 
direct supervision of one of the authors, in the meat-extract department 
of one of the large commercial establishments. The method of prepara- 
tion in each instance was that ordinarily used in the establishment, and 

1 Extracts were also pteparad irom the pidde la whidi the meats were cured, but the use ol this materut 
hag been discontmued. 
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to aU intwts and purposes was practicaUy the same. in its essential 
features as that in use in the general commercial preparation of these 
arti(des. For the purpose of clarification ‘^roast-beef soak water, 
“defibrinated blood,” and “blood water,” were added during the process 
of manufactiA-e in all cases with the exception of the* ^tracts prepared 
from cured meat. The comparatively large quantities employed of 
these agents necessarily influenced the composition of certain of the 
extracts, particularly those prepared from livers and spleens, and extracts 
of the various organs and tissues, therefore^ were prepared in the labo- 
ratory, the method followed being nearly identical with the commercial 
process. Practically the only exception was the replacement of the 
materials commercially used in clarifying the extracts with those of a like 
composition, equally efficient, but derived from the specific tissue or 
organ under investigation. A detailed description of the laboratory 
process follows. » 

LABORATORY METHOD ’ 

The finely minced material from which the extract was preparM was 
placed in a large tin-lined box and iced water added, until the minced 
meat was well covered. The box with its contents was then placed in 
the refrigerator where it was allowed to remain overnight, when the 
resulting “soak water” was drawn off and reserved for fclarifying pur- 
poses. The partially extracted minced meat was then transferred to a 
large open kettle provided with a perforated steam coil, an equal weight 
of water added, and steam slowly applied, the temperature being grad- 
ually raised to 95° to 97® C., and the liquid kept in constant agitation 
by the entrance of the steam from the perforated pipe. 

This extraction was continued for 45 minutes, after which the liquid 
was drawn off, cooled, and transferred to an evaporating kettle provided 
with a closed-coil steam pipe. The “soak water” obtained as above 
was then added, the whole brought to a boil, and the evaporation con- 
tinued until the liquid was reduced to two-thirds of its original volume, 
the coagulable proteids which form a scum upon the surface of the liquid 
being removed from time to time, ^ter this concentration the liquid 
was filtered and transferred to a vacuum kettle where it was evaporated 
under reduced pressure until the extract was of the desire^ consistence. 
This method yielded extracts identical in physical appearance and organo- 
leptic properties with those obtained by the commercial process. 

As it was also considered desirable to obtain data regarding possible 
differences in extracts prepared from cold and hot water extractions, 
the process described above was modified in the case of chuck and plate 
extracts prepared in the laboratory. < Chuck and plate extract 29 was 
prepared by repeatedly exhausting the minced meat with large quan- 
tities of cold water ^d then concentrating the extract. Chuck and 
plate extract 30 was prepared by placing the minced meat in an equal 
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quantity of cold water, bringing the whole rapidly to a ten^erature of 
95^ to C., where it was kept for 45 minutes, after which the liquor 
was drawn off and reduced by evaporation to the desired concentration. 

It may be noted here that the two laboratory-prepared bone extracts, 
Nos. 27 and 28, were made by long-continued boiling of bones from 
which all meat had been removed. 


Lul of extracts prepared 


Commercially, 

No. 10. Beef spleens. ^ 

No. 1 1 . Hog spleens. 

No. 12. Roast-beef soak water. 
No. 13. Hog livers. 

No. 14. Bare beef bones. 

No. 15. Regular bones. 

No. 16. Beef livers. 

No. 17. Pickle. 

No. 18. Beef hearts. 

No. 19, Chuck and plate. 

No. 20. Corned-beef cook liquor. 


Jn the laboratory. 

No. 2z. Beef spleens. 

No. 22, Bbef spleens. 

No. 23. Hog liver. 

No, 24. Beef spleens. 

No, 2 5. Hog liver. 

No. 26. Beef hearts. 

No. 27, Bones. 

Nb. 28. Bones. 

No. 29. Chuck and plate. 
No, 30. Chuck and plate. 


QUANTITATIVE INVESTIGATION^ OF I^XTRACTS 
METHODS USED 

In the analysis of the foregoing extracts the methods used were essen- 
tially those described by Street {Sy and, in brief, were as follows: 

A 10 per cent solution of solid extract or a 20 per cent solution of 
liquid extract was used for the following determinations: 

1. Water. — The water representing the degree of concentration of 
the extract was determined by placing 20 cc. of the solution in a 100 
cc. glass-stoppered weighing bottle containing 20 gm. of asbestos, and 
drying to constant weight in a vacuum of 30 inches at a temperature of 
60® to 65® C. 

2. Ash. — Ten cc. of the solution in a tared porcelain dish* were 
evaporated to dr3rness upon the steam bath, thoroughly carbonized at 
alow red heat, macerated with water, filtered, and the residue thoroughly 
washed and ignited. The filtrate was then added to the ignited residue 
in the dish, the whole evaporated to dryness upon the stea m bath, 
ignited at* a low red heat, and weighed. 

3. Sodium cheorid.* — ^After weighing, the ash obtained was dissolved 
in water with the aid of a few drops of nitric acid, diluted to 100 cc., 
an aliquot taken, and chlorin determined by the Volhard method.^ 


1 Reference is made by number (italic) to *’ Literature died,” p. 17. 

* Porcelain was used insteaH of platinum in order that the possibility of volatiluation of chlorin would 
be reductd to a ttimiTnitm, as the ash was later utilized in the chlorin detennination. 

1 Chlorin may be determined separately according to the method adopted by^tbe Assodaticm of Official 
Agricultural Chemists. (2). 

< Only a small portion of the chlorin of the ash of meat extracts is due to sodium cblorid, the greater 
portion bdng combined as chlorid of potassium (3). Allen ( t ) makes an allowance of 0.06 per cent sodium 
chlorid for every unit per cent of dry matter present, considermg the excess as added salt. 
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4. Tor A PHOSPHORIC ACiD.—Five cc. of the solution were^dipt^ 
with 15 cc. each of sulphuric and nitric acids until colorkss (nijric acid 

added from time to time when necessary), 20 cc. of wat^ were 
added, and the solution boiled in order to expel any oxids of nitrogen. 
It was then diluted with water? a slight excess of ammonium hydroxid 
added, after which it was rendered slightly acid with nitric acid, and 
phosphorus determined {2), 

5. Inorganic phosphoric acid.— Ten cc. of the soltttion were 
diluted with from 20 to 30 cc. of water, boiled three minutes, two drops 
of acetic acid added, the boiling continued for a minute, cooled, and 
diluted to 100 cc. The solution was then filtered, a 50 cc. portion 

made faintly alkaline with ammonium hydroxid, and the phosphoric 
acid precipitated in the usual manner with magnesia mixture. After 
standing for two hours or longer the precipitate was filtered off, washed 
with water containing 2.5 per cent of ammonia, and dissolved in dilute 
nitric acid. The phosphoric acid was then determined as in total phos- 
phoric acid. 

6. Total nitrogen.— Nitrogen was determined by the Gunning 
method, using 10 cc. of the solution. 

7. Soluble nitrogen.— A portion of about 15 cc. of the solution 
was centrifuged until clear, the clear liquid poured off, and the nitrogen 
determined in a 10 cc. portion. 

8. CoagulablE nitrogen.— Fifty cc. of the solution in a glass evapor- 
ating dish to which 50 cc. of water were added were evaporated on the 
steam bath to one-half volume; 0.5 cc. of a 10 per cent solution of acetic 
add was added, heating was continued for 15 minutes, the coagulable 
albumen was filtered, washed, and nitrogen determined in the residue 
on the filter. 

9. Ammonia nitrogen. — Tfie ammonia nitrogen in these extracts 
was determined by the magnesium-oxid method, but the more recent 
and exact Folin method { 6 ) is recommended. 

10. Nitrogen precipitated by zinc sulphate. — Twenty-five cc. 
of the original solution were placed in a 50 cc. graduated flask, i cc. 
of a 50 per cent sulphuric-add solution added, with zinc sulphate 
enough to saturate the solution, after which the flask was ^filled to the 
mark with a saturated solution of zinc sulphate. After 18 hours it was 
filtered and the nitrogen determined by the Gunning method in 20 cc. 
of the filtrate, corresponding to 10 cc. of the original. The total nitrogen 
of the extract, less the sum of the coagulable, insoluble, and zinc-sulphate- 
filtrate nitrogen represents the nitrogen of the zinc-sulphate precipitate. 
A control determination of the nitrogen of the precipitate was also 
made. 

11. Nitrogen precipitated by tannic-acid-salt solution. — 
Twenty cc. of the original solution were placed in a loo-cc. graduated 
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flask, 50 cc. of a saturated sodium>chlorid solution were add^, and the 
flask filled to the mark with a 24 per cent solution of tannic acid. After 
a thorough mixing it was placed in the ice box and allowed to stand over- 
night; any loss in volume due to contraction was corrected Hy the 
addition of the tannic-acid solution. On the following day it was filtered, 
the solution being kept in the ice box during filtration, and 50 cc. of the 
filtrate, corresponding to 10 cc. of the original, were transferred to a 
Kjeldahl flask and evaporated to dryness on the steam bath with the 
aid of a current of air. Th^ nitrogen in the dried residue was determined 
by the Gunning method and control determinatioi^ made on the re- 
agents used. 

Nitrogen in the tannic-acid-salt precipitate was obtained by subtracting 
the sum of the tannic-acid-salt filtrate and the coagulable and insoluble 
nitrogen from the total nitrogen. 

12. "M^aT-bask” nitrogen. — This waS obtained by subtracting 
the sum of the coagulable, insoluble, ammonia, and tannic-acid-salt 
precipitate nitrogen from the total nitrogen. 

13. Nitrogen due To pEptone-wke bodies. — ^This was found by 
deducting the proteose nitrogen obtained by precipitation with zinc 
sulphate from the total quantity of nitrogen precipitated by the tannic- 
acid-salt reagent. 

14. Nonnitrogenous organic matter. — This was determined by 
difference. From the ash-free total solids was deducted .the sum of 
the products of the “meat-base” nitrogen X 3.12 and the nonmeat- 
base nitrogen X 6.25. 

15. PuRiNS (j).--^Three gm. of the sample were dissolved in 500 cc. 
of a I per cent solution of sulphuric acid and heated for four hours in an 
open dish on the steam bath. (At the end of this time about 75 cc. should 
remain.) It then neutralized with^ustic soda, with litmus paper 
as an indicator, transferred to a beaker, and 15 cc. of a 15 per cent solu- 
tion of sodium bisulphite and 15 to 20 cc. of a 15 per cent solution of 
copper-sulphate solution were added. This was allowed to stand over- 
night, filtered, washed with dilute copper-sulphate solution, and “the 
precipitate then washed with hot water from the paper into the original 
beaker. The contents of tfie beaker were brought to the boiling point 
and sodium sulphid added to precipitate all of the copper. It was then 
placed upon the steam bath for several minutes, made acid with acetic 
acid, and allowed to settle thoroughly, after which the precipitate was 
filtered off, washed with hot water, 10 cc. of 10 jier cent hydrochloric 
acid added to the filtrate washings, and the solution evaporated to dry- 
ness on the steam bath. Ten cc. more of 10 per cent hydrochloric acid 
were added and digesticm was continued until the bases in the readue 
were dissolved. It was then filtered, washed, the filtrate made alkaline 
with 25 cc. (ff concentrated ammonium hydroxid, 10 cc. of a 3 per cent 
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ammoniacal «ilver-nitrate solution added, allowed to stand overnight, 
filtered on ttie following morning, the residue on the paper washed until 
all traces of ammonia were removed, and its nitrogen content determined. 

t6. 'CReATiNiN.— The method of FoUn as modified by Emmett and 
Grindley (5) was used. An aIi<juot free from coagulable and insoluble 
nitrogen and containing from 7 to 15 ingm. of creatmin was placed in a 
500 cc. flask, 15 cc. of picric acid and 10 cc. of a 10 per cent solution of 
sodium hydrate added, allowed to stand for five minutes, being agitated 
several times in the interim, and then diluted to 500 cc. Alfter mixing, 
a portion of the solution was poured into one tube of a Duboscq color- 
imeter and compared with N/e potassium-bichromate solution contained 
in the other tube, the scale of which was set at 8.0. 

Creatinin was calculated by the following formula: 

f 8.1 ^ Volume 1 Y _ milligrams of creatinin in the 

{Reading ^” 500^/ " aliquot taken. 

17. CreaTin, — ^To 5 cc. of the extract in a 50 cc. graduated flask, 
10 cc. of Nji hydrochloric acid and 5 cc. of water were added, and the 
solution hedted in an autoclave at 135° C. for 30 minutes. It was then 
cooled, 10 cc. of Nji sodium .hydroxid added and the solution made to 
volume with water. An aliquot was taken and creatinin determined as 
above, with 30 cc. of 1.2 per cent picric acid and 10 cc. of a 10 per cent 
solution of sodium hydroxid as suggested by Emmett and Grindley (j), 
the result so obtained representing the total creatinin — creatinin due 
to creatin and to preformed creatinin. The difference between the total 
creatinin and the preformed creatmin multiplied byii.i6 represents the 
creatin. 

18, Nitrates. — To a few drops on a porcelain spot plate of a reagent 
containing o.i to 0.2 gm. of ^phenylamin (4) in 100 cc. concentrated 
sulphuric acid were added a few drops of the extract solution. In the 
presence of nitrates a blue color developed. They were then quantita- 
tively estimated by fhe Schlossing-Wagner method (p). 

DISCUSSION OR .quantitative RESULTS 

The results of the quantitative chemical examination of the extracts 
are presented in Table I and, calculated to a water-fr^ basis, in Table II. 
In Table III differences in the forms of nitrogen are shown. The per- 
centages of creatin and creatinin appear in Table IV together with the 
ratio between total nitrogen and the sum of the creatin and creatinin. 
The percentages in tjiis table are also calculated oa a water-free basis. 



TablS I . — ResulU of chemical examination of meat extracts 
COlaiMBRCIAL EXTRACTS 
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TablB III . — DisiribuHon of nitrogen in meat extracts , 


, Extract No. 

Method of 
ptepatadoix. 

Non- 

nitrog- 

aous 

x&tter. 

Totol 

nitrogen. 

i 

Total nitrogen in — 

Zinc- 

sulphate 

precip- 

itate. 

Tannio 

salt 

precip- 

itate. 

“Meat 

iNise." 



Per 

Per 

Per 

Per { 

\ Per 



c«n\. 

cent. 

cent. 



19. Chuck and plate 

Commercial . . . 

34. 20 

10. 08 

*7-75 

44. 13 

50.98 

39. Chuck and plate. 

Laboratory 

28. 02 

9.69 


27. 86 

63- 56 

30. Chuck and plate 

do 

14- 70 

II. 67 

21- 57 

48- 87 

43- 74 

13. Roast-beef soak water. . . . 

Commercial . , . 

19. 70 

8.99 

10. 34 

44- os 

49. 94 

30 . Com-beef cook liquor. . , . 

do 

28. 21 

9- 23 

17. 21 

41-04 

50. 13 

14. BeefbcHies 

do 


9. 47 

13, 58 



15. Beef bones 

do 






17. Pickle 







j 8. Beef hearts 

do. . 

SQ. 74 

9. 02 




36. Beef hearts 

Laboratory 

32- 57 

. 8.77 

11.17 

30. 76 

55. 97 

10. Beef spleens 

Commerci^ . . . 

24. 07 

9.98 

30. 07 

51- 81 

41. 68 

II, Hog spleens 

do 

25-23 

9-38 

26. §3 

5*- 45 

41, 68 

31. Hog spleens 

Laboratory 

24. 79 

9. 98 

23- 74 

56. 10 

30. 87 

32. Hog spleens 

do 

23* : 

10.77 

22. 36 

44-63 

40.37 

34. Hog^leens 

-t- -^0 

24. II 

9.07 

21. 14 

55- 54 

36.91 

13. H«g liver 

Commercial . . . 

44.96 1 

6. 00 

18.66 

33 

43- 16 

16. Beef liver 

do 

40. 63 : 

6. 43 

32. 23 

57- 29 

41. 72 

33. Hog liver 

Laboratory 

; 30- 54 

8. 14 

24. 19 

58.37 

31-06 

25. Hog liver 

do. ... 

: 48. 79 

6, 52 

9-35 

52.30 

41. 10 

Averages: 


A 





Chuck and plate, bones, liquors 

W2. 23 

9. 81 

15.90 

42.63 

50-32 

Hear^ 


31-65 

8.89 

14. 17 

35" 33 

54- 79 

Spleens 


24-34 


24. 76 

52. 10 

38. 30 

Livers 


41. 22 

6.77 

21, 10 

55-32 

39-26 


In consulting these tables it will be noted that the percentage quan- 
tities of certain constituents show marked and characteristic differences, 
depending upon the nature of the extract. The most striking variations 
are the figures representing total ; nitrogen, "meat-base” nitrogen, 
creatinin, and nonnitrogenous organic matter. Differences in the 
amounts of the other constituents, with the exception of the ratio of 
total phosphorus to inorgJinic phosphorus, are not considered suffidently 
marked to justify their being used, and «.ttention is directed to the 
following results: 

I. Total nitrogen. — ^This was found to be very low in liver extracts, 
as compared with 'other extracts. The percentage of total nitrogen in 
one of the liver extracts (No. 23) is much higher than that of the re- 
maining three, but is, nevertheless, lower than that of any of the .other 
extracts with the exception of the pickle extract: Chuck and plate 
extracts contain the largest quantity of nitrogen, with spleen extraqts 
next. The other extracts vary between 9 and 10 per cent total nitrogen 
with the exception of the pickle extract, which is very low (7.60 per 
cent). 

108121 ®— 1 « — 2 
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TablB lY—DuiritmUon of creaUn and croaiinin (wafer f roe basis) 


Extnct No. 


Method <A 
prepoxation. 






Ratio o< 




Tout 

cteatiii 

Total 

nitrosen. 

Creatin. 

• 

Cr»- 

tioin. 

creatin 

plus 

crea- 

CtCft. 

tinin 




tinin. 

to ni- 
trogen. 

Per cf . 

Perct 

Perct . 

Perct . 

Perct . 

10. 08 

2 . 00 

5-69 

7.69 

0.763 

9.69 

.41 

7 - 32 

7 - 73 

•797 

It. 67 

3-43 

2. 97 

6. 40 

* 463 

8.99 

.89 

6.94 

7. 83 

. 876 

9 - 23 

1. 36 

4. 02 

5-38 

•583 

9 - 47 

i* 3 » 

6.18 

7.56 

.798 

9*59 

I- 59 

6.60 

8. 19 

.854 

7. 60 

.28 

3-48 

3 - 76 

•493 

9. 02 

I. 26 

4- 63 

5-89 

•653 

8.77 

1. 60 

6.64 

8. 24 

i -939 

9. 98 

.83 

I. 70 

i 2.58 

.258 

9*38 

•73 

I. 50 

1 2.23 

•237 

9.98 

. or 

•23 

.24 

. 024 

10. 77 

. 01 

.23 

.24 

. 022 

9. 07 

.03 

•31 

i -34 

•037 

>00 

. 61 

1-59 

2. 20 

.366 

6 . 42 

: 89 

I. 54 

2 * 43 

^ -368 

8. 14 

; 'O 4 

■39 

•43 

•OS 3 

6. 52 

9. 81 

.04 

,24 

.28 

7-25 

•043 

•732 



8.89 

7. 06 

.796 



9.68 

2. 40 

. 248 



9. 94 

.27 

.031 



6 . 21 

2-31 

-367 



7-33 

■36 

.048 




ig. cftctc and plate 

29. Chuck and plate 

30. Chuck and plate 

12. Roast'beef soak water. . 

20. Corn-beef cook liquor . . 

14. Beef bones 

15. Beef bones 

17. Pickle 

18. Beef hearts 

26. Beef hearts. 

10. Beef spleens 

11. Hog spleens 

21. Hog^leens 

22. Hog^leens 

24. Hog^leens 

13. Hog liver 

16. Beef liver 

23. Hog liver 

25. Hog liver. 

Averages: 

Chuck and plate, bones, liqiKTS^ 

Hearts P 

Commercial spleens 

Laboratory spleens. ..g. 

Commercial livers 

Laboratory livers 


Commercial . . . 
Laboratory — 

do 

Commercial.. . 

do 

do 

. . . .do 

. . . .do 

do 

Laboratory 

Commercial. . , 

do 

Laboratory 

. . . do 

do 

Commercial y . . 

do 

Laboratory 

do 


2. Nonnitrogenous Organic matter. — As will be noted in Table III, 
fiver extracts, as compared with the other extracts, are extraordinarily 
high in nonnitrogenous organic matter, contsuning, with the exception 
of extract 23, more than 40 per cent. Heart extracts (containing 30 per 
cent) more nearly resemble liver extracts. 

3. Meat-base” nitrogen. — The determination of total nitrogen and 
of meat-base” nitrog^ enables one with a fair degree of certainty to 
differentiate liver extracts and spleen extracts from each other and from 
other extracts as well. While liver extmets and spleen extracts differ 
from other extracts in showing a low percentage of “meat-base” nitrogen, 
they differ from each other in that the spleen extracts show a high total 
nitrogen, whereas the total nitrogen of liver extracts is low. 

In liver extracts tjie “meat-base” nitrogen constitutes only about 40 
per cent of the total nitrogen, while in other extracts, with the exception 
of spleen extracts, the figure is nearer 50 per cent. Particular attention 
is called to liver extract 23, which contains 8.14 per cent total nitrogen 
and pickle extract 17, containing 7.60 per cent total nitrogen. Although 
the pickle extract contains much less total nitrogen than the liyer^ extract, 
a much larger proportion of this nitrogen (57.23 per cent) is “meat-base” 
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nitrogen. In the liver extract the “ meat-base nitrogen constitutes only 
31.08 p%r cent of the tot£d nitrogen. 

Chuck and plate extract 30 is much lower in “meat-base” nitrogen 
than the other chuck an(| plate extracts. This is excepdonal and is 
undoubtedly due to^e laboratory process used in its preparation, the 
extraction having been made entirely with hot water. (See p, 2.) 

4. Proteose nitrogen (zinc-sulphate precipitate, Table II ^—Al- 
though the quantity of the proteose nitrogen varies from 9.35 *32:23 
per cent of the total nitrogen, the amounts in any one kind of extract are 
not sufficiently constant to render the figure of any value in the identifica- 
tion of extracts. On the whole, however, liver and spleen extracts are 
somewhat higher in that constituent than other extracts. This factor is 
probably influenced more by the process used in the preparation of the 
extract than by the material from which the extract is made. 

5. CrEaTin and creatinin. — It is in the totM creatinin content of the 

various extracts that the greatest and most uniform differences occur. 
The sum of the quantities of creatin and creatinin, together with the 
ratio ]^tween this total an^ the total nitrogen of the extracts, is shown 
in Tdble IV. It appears from these results that a determination of the 
total creatinin will suffice in any case to classify an extract, if pure, as a 
liver or spleen extract, on the one han^ or as a true meat extract on 
the other.^ w 

It will be noticed at once that the live! and spleen extracts prepared 
under commercial conditions contain about 10 times as much total crea- 
tinin as the laboratory extracts, attributable to the creatinin of the roast- 
beef soak water, defibrinated blood, and blood water used in clarifying 
these extracts. However, even though these^camraerdally prepared 
liver and spleen extracts are rdatively high in creatinin, they are, never- 
theless, much lower than any of the other extracts. The greatest quan- 
tity of creatinin found in any of the liver and spleen extracts is 2.58 per 
cent and the highest total creatinin — total nitrogen ratio— 0.37, while the 
smallest amount of creatinin in the other extracts (except the pickle 
extract) is 5.38 per cent and the lowest ratio 0.46. From these, results 
it appears that all extracts of fresh flesh, with the exception of extracts 
of liver and spleen, contain more than 5 per cent of total creatinin. 

6. Phosphorus. — Rather marked differences occur in the amounts of 
phosphorus found in the extracts as well as in the relation existing 
between the inorganic and total phosphorus present. 

The extracts of pickle and of comed-beef cook liquor contain very little 
phosphorus, about 2 per cent ; none of the other extracts contain less than 
5 per cent with the exception of spleen extract 10. The laboratory liver 
extracts are noticeably high in phosphorus. 

( Sxtmcta fton bones u msde comnMididtT will show a lebtiveiy hifh total cxcatlnin. This is due 
to the act the coaaicrdal boae extracts aie essentially meat cstncts, most ol the extractives in 
them bdnx wrived from the adbetent meat and the clarilyhi2 agetus whidi ate used, and ^ Irotn the 
bones themselres. 
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Differteces which are highly characteristic are found in the rela- 
tion of total and inorganic phosphorus, the ratio of inorganic phos- 
phorus pentoxid to total phosphorus pentoxid being much lower for 
liver than fbr other extracts, the next higher bang that of spleens. 
Grouping these ratios, livers have a ratio lower than 0.65; spleens a 
ratio near 0.7; hearts, chu^, and plate, and comed-beef cook liquor 
run ^ve 0.75 and nearer 0.8; and the ratio in the remaining extracts 
is b.9O0r higher. 

SUMMARY OF QUANTITATIVS DIFFERENCES 

Liver extracts are low both in total nitrogen and *'meat-base” nitro- 
gen; have a low inorganic phosphorus to total phosphorus ratio, are very 
low in total creatinin, and as a rule .are very high in nonnitrogenous 
organic matter. 

Spleen extracts are high in total nitrogen, low in “meat-base” nitro- 
gen, very low in creatinin, and lower than other extracts, liver excepted, 
in the inorganic-phosphorus to total-phosphorus ratio. 

ifeart extracts are low in total nitrogen as compared with chuik and 
plate extracts, but much higher than liver. They contain considerable 
nonnitrogenous organic matter, being next to liver extracts in this 
respect. Heart extracts diffe^rom liver and spleen extracts in total 
creatinin and in “meat-base” nitrogen, the latter comprising at least 
50 per cent of the total nitrogen in heart extracts. 

pickle and cured-meat extracts are readily identified by the presence 
of nitrates, which are always present in such extracts. The quantity of 
total phosphorus presei^ in such extracts is very small. In other respects 
cured-meat extracts are found to resemble •true-meat extracts. Pickle 
extracts contain rather less creatinin than true-meat extracts. 

Chuck and plate extracts run high in total nitrogen, “meat-base” 
nitrogen, and total creatinin and have a high inorganic-phosphorus to 
total-phosphorus ratio. 

The bone extracts prepared commercially ^ and the extract prepared 
from roast-beef soak water resemble chuck and plate extract. 

PHYSICAL CHARACTERISTICS OF EXTRACTS 

In addition to the chemical differences which have been discussed 
above marked physical characteristics of the extracts exist which in 
many cases are so decided that workmen engaged in their manufacture 
become very expert m identifying meat extracts solely by their physical 
appearance. The properties upon which their judgment is based are 
color, texture, and “shortness,” an extract bei^ termed “short” 
when it quickly and easily breaks upon testing its elasticity. 

iHie bofte extmts piepared in the hfxtratory luye not been dUctmed. M they do not h|^ test rs- 
leffibk commercial boiie extracts, and ate mchided in Tabte I and U metdy as a matter of sc^ tntettst. 
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Liver extracts are very dark brown, almost black, in color, are very 
gummy — Uiat is, they are not “short,"’ and their solution in water is 
dark red, with a trace of fluorescence. 

Spleen %xtracts are light-chocolate to light* yellow-brown in color 
have a smooth texture, and are very “short.” 

Bone extracts closely resemble spleen exflfacts. 

Other extracts, including heart extract, are darker than spleen Attract, 
but not so dark as liver extract. They are usually very short,” and 
their solutions are dark, but are not fluorescent. 

QUALITATIVE INVESTIGATION OF EXT^CTS 

In addition to the quantitative differences in extracts qualitative 
differaices have been noted and, based on these differences, qualitative 
tests have been devised for the identification of liver and sple^ extracts 
either when pure or in the absence of any considerable proportions of 
true-raeat extracts. In mixtures in which liver or spleen extracts are 
present in only small amounts the tests are not entirely dependable, 
although in such instances they are as reliable as any other known method. 

acetic-acid test 


A qualitative test for the identification of spleen extracts was sug- 
gested by Robert M. Chapin, of the Biochemic Division, who noticed 
that the addition of an excess of acetic acid to a spleen extract resulted 
in the formation of an abundant precipitate. Confirmation of this 
observation was found in the literature, Ha^jnarsten (7) stating that 
spleens are characterized by a peculiar protein which is soluble in boiling 
water, but which is precipitated by an excess of acetic acid. 

Acting upon this infoimaiion, the writers tested all the commercially 
prepared spleen extracts (the laboratory-prepared extracts having been 
exhausted in the quantitative investigation) with acetic acid in the 
manner described below. 

About 30 cc. of a 10 per cent solution of the extract under examination 
are boiled, filtered, the filtrate cooled, and an equal quantity of a 10 per 
cent solution of acetic acid added. 

Extract No. Effect d acetic add, 

10. Beef spleens A dense, white precipitate. 

11. Hog spleens Adense, white precipitate. 

12. Roast-beef soak water No effect, 

13. Hog livers A slight, dark precipitate. 

14. Bare beef bones No effect 

15. Regular bones No effect 

16. Beef livers A slight, dark precipitate. 

18- Beef hearts No effect 

19., Chuck and plate Wo effect 

20. Corned-beef cook liquor « . . . A slight yellowish pre- 

cipitate. 
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With spleen extracts only was a decided precipitate obtained. The 
precipitate was very bulky and yellowish white in color, eagily distin- 
guishable from both the slight, dark precipitate yielded by the liver ex- 
tracts and the slight precipitate obtained with the corned-beef c6ok Jiquor. 

Mixtures of varying amounts of hog spleens (No. ii) and chuck and 
plate extract (No. 19) were prepared and tested with acetic add in the 
mannS shown above, in order to determine the delicacy of the reaction. 
A? precipitat? was obtained in mixtures containing 5 per cent of spleen 
extract, but the reaction was famt, and it was not until the mixed extract 
contained a quantity approximating 20 per cent that a dedded reaction 
was obtained. 

Since the above tests were made an extract has been recdved and 
examined under the meat-inspection regulations which gave a positive 
reaction v^th the acetic-add test, although not resembling spleen extracts 
in other respects. 

An inv^tigation by the field service of the Meat Inspection Division 
disclosed that this extract Was prepared from bones through long-con- 
tinued extraction with boiling water. Inasmuch as bone extract 
previously examined had not given the reaction, a laboratory investiga- 
tion of this unusual feature was made, three bone extracts being pre- 
pared by extraction with boilinf water for at least three hours. Upon 
testing the finished products the reaction, which heretofore had been 
limited to spleen extracts, was obtained. The predpitate from both 
the spleen and these bone extracts appeared to be a mucin. I^rom the 
standpoint of the food analyst the value of the test, however, is not 
lessened, as the differentiation of bone extracts from other extracts, 
induding spleen, is readily made, which may be noted by comparing 
the analyses given in Table V with those of other extracts previously 
tabulated (see Table II). 


Table W — Analyses of bone extracts 


Constituent 

Extract i . 

^Extract a. 

Extract 3. 

Total solids 

Per cent. 

S 7 - 54 

^er cent. 

63. 90 
13.80 

7. 58 
.49 

9 - 00 

Percent. 

63. 53 
14. 8z 

Ash 

Sodium chlorid ' 

.81 

Phosphorus pentoxid (totals 

.i29 

54 

•59 

Nitrc^en 

'tannic-acid salt filtrate nitrogen 

•35 

1. 46 
2. 21 
N^e. 
PoMtive. 
Negative. 

1-37 

3.60 

None. 

Positive. 

N^ative. 

Zinc-sulphate filtrate nittpgen 

Total creatinin 

None, 

Positive. 

Negative. 

Acetic-acid test ! 

MoUsch test 



Whil^ not applying to tljje real purpose of this paper, it may be of 
interest to note that ane^^Uact of {)one marrow failed to afford a predpi- 
tate with acetic add. 
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MOLISCH TEST 

By determining the total creatinin content of an extract, the water 
content being known, it can be definitely classified as either a true-meat 
extract or as an extract of liver or spleen, and further, an extract identified 
as having been prepared from either livery or spleens may be further 
classified as either aspleen or a liver extract, depending upon the r^^ction 
in the ^tic-acid test. While the identity of a liver extract may thus be 
established, qualitative tests confirmatory of the conclusions arrived at 
through the quantitative examination were applied. A reaction based 
on the occurrence in liver extracts of comparatively large amounts of 
carbohydrates was suggested and the Molisch test was employed. 

Method of using Mousch test. — One cc. of a 10 per cent soluSon 
of solid or of a 20 per cent solution of fluid extact was placed in a grad- 
uated glass-stoppered cylinder of 25 cc. capacity, 9 cc. of concentrated 
sulphuric acid were allowed to flow gently down the sides of the cylinder, 
and 6 to 10 drops of a 20 per cent alcoholic solution of alphanaphthol 
were then added. The stopper was inserted, and the contents of the 
, cylinder were thoroughly mixed. In the presence of carbohydrates a 
persistent and intense reddish-purple to deep-violet color developed 
immediately. 

In the initial tests the color of the mixture in the cylinder was noted 
one minute after shaking, and the contents of the cylinder were then 
poured into 200 cc. of water, the color again being observed. It was 
later found that a more satisfactory, color test was obtamed when the 
mixture in the cylinder was allowed to stand overnight and observed 
directly. 

Extracts of known origin were tested with the results given in Table 
VI. 

Tablb VI. — Results of Molisch test of meat extracts of known origin 


Extract. 

Method at prepa- 
ration. 

Color on sliaking." 

Color ia water 

Color after stand- 
ing.o 

Roast-beef soak water. . 

Commercial . . 
do 

No color 

do 

No color 

do 

No color. 

Do. 





Do. 

Beef spleens 

do 

Very faint 
purple. 

. , .do 

Very fmnt 
purple. 

do 

Do. 

Hog spleens. . . 

. . .do 

Do. 

Beef liver 

do 

Strong 

Strong 

Strong. 

Pronounced. 

Do 

do 

Pronounced. . 

Pronounced. . 

Beef chuck 

Laboratoiy. . . 
Commercis^. . 
Laboratory . . . 
do 

Very faint. . . 
Pronounced. , 

Very faint 

Pronounced . . 

No color. 

Hog liver 

Pronotinced. 

Bed melts (spleens) .... 
Beef liver 

Very faint. . . 
Pronounced . . 

Very faint . . . 
Prcmounced. . 

Very faint. 
ProDOunced. 

D9 

do 

do 

do 

Do. 

Do 

do 

. . . . .fk) 

.... . do 

Do. 



L.. 



• In esses marlccd "no etdor" there w»s no trace o< the diazactciistic purple-red color, but there snu 
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Mixtures of liver extracts with chuck and plate extracts m varying 

proportions were prepared for the purpose of determining the delicac}/ 
of the reaction, and it was found that the characteristic color was recog- 
nizable in an extract containing 20 per cent of liver extract; smallei 
quantities gave a purple color, but it was not sufficiently distinct to be of 
value. 

In all cases where a positive reaction is obtained and in which the 
other factors, such as creatinin, nitrogen, etc., indicate the ab^ce of 
liver extract, the sample should be examined for starch and cane sugar. 

It may be stat^ that, aside from its value in indicating the presence 
of liver extract, the Molisch test is necessary in a routine examination 
for^he rapid detectio^j of carbohydrates which may have been added to 
meat extracts.* In the analyses of some hundreds of extract^ a true- 
meat extract has never yielded a positive .reaction with this test, and 
whenever a positive reaction is obtained in an extract which can be 
shown to contain no liver extract it is due to added carbohydrate.-^ In 
such instances the test should be supplemented with a more complete 
examination to identify the carbohydrate thus indicated. 

COPPER TEST 


During the course of the investigation it was also noted that the ash 
di liver extracts in every instance exhibited a more or less pronounced 
greenish color, which was not observed in the ash of any of the large 
number of other kinds of extracts examined. As the presence of copper 
in livers has been demonstrated, it, having been found even in the liver 
of the fetus, the presence of copper in the ash of extracts other than 
those prepared from livers should be considered. As practically all the 
commercial extracts prepared from other tissues*and organs underwent 
the same course of preparation, and no copper was thus indicated in 
the ash of any of the resulting products, it would seem that this test 
would apply alone to the ash of extracts obtained from livers. If, 
however, copper utensils are used in the preparation of an extract its 
presence in limited amounts could probably be readily demonstrated by 
chemical methods, but a greenish- tinted ash should always lead one to 
suspect the presence of liver extract. 

Procedure suggested in the identification of an extract: 


1. Total solids. 

2. Ash. 

3. Sodium cMorid. 

4. Total phosphoric pentoxid. 

5. Inorganic phosphoric pentoxid. 

6. Total nitn^n. 

7. "Meat-base" nitrogen. 

8. Preformed creatinin. 


9. Creatin. 

10. Molisch test. 

11. Acetic-acid test. 

12. Test for starch and sugar if a 
positive Molisch test is given. 

13. Test for nitrates. 

14. Test of ash for copper. 


erf thevalueoi this test, lessidlessoi its value ia detecting the presence ct Uver, several 
<»amined whidi confotmed in every respect to pure^meat extracts -with the exceptfam 
that they gave a positive Molisdi test Upon investigation the presence cl sucrose was 
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The quantities of insoluble, coagulable, and ammonia nitrogen are 
so small in all ordinary extracts that they are determined only in case 
they are indicated in extraordinary amounts. Should an extract show 
an unusually high nitrogen content a study of the various forms of 
nitrogen present is essential. 

After an examination of an extract as suggested its accurate classifi- 
cation as a true-meat extract, as a cured-meat extract, as a compound 
extract, or as an extract of liver or spleen is possible, and at the same 
time the addition of foreign material, such as sugar, starch, or salt, will 
be established. 
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QUANTITY AND COMPOSITI9N OF EWES’ MIEK> ITS 
RELATION TO THE GRQWTH OF LAMBS 


By Rat E. Xeidig, Chemist^ and E. Iddings, Dean and Dirtier, Idaho AgricuUural 
Experiment Station^ 

INTRODUCTION 

During the progress of an investigation upon different breeds of sheep 
at the Idaho Agricultural Experiment Station observations were made 
upon the rate of growth of lambs from five breeds of ewes that are com- 
monly found in this section of the country. The results indicated that 
lambs from some of the breeds studied made a decided gain over others 
in the same period of time. Inasmuch as the sheep industry is of such 
economic importance to the Nation, the rate of growth of the lambs 
assumes more than ordinary interest, and an effort is being made to 
ascertain the relation of the quantity and composition of ewes’ milk of 
each breed to the growth of the lambs. 

FACTORS ESSENTIAL IN GROWTH 

The chief factors in growth are inherited capacity and a sufficient 
quantity of nutritious food. The second factor only will be studied, 
since without sufficient food inherited capacity for growth will be more 
or less inhibited. 

Growth depends upon nutritious foods, and recent investigators have 
demonstrated that these foods must contain a sufficient quantity of inor- 
ganic salts, certain amino acids, lipoids, fats or oils of a peculiar nature, 
and vitamines. The absence of any of these substances is detrimental 
to growth. It is obvious that a well-balanced food is es^ntial, and in 
milk we have the highest type of such food. The fact, however, remains 
that milk from ewes of different breeds has been found to vary in quan- 
tity and composition, and this may account to some extent for differ- 
ences in growth. 

, REVIEW OF LITERATURE 

As early as 1850 data were collected giving the analysis of ewes’ milk. 
Since that time many investigators ^ have contributed to our khowledge 
of the composiljon of ewes’ milk. Their results, however, have dealt 
mainly with the high-milk-producing ewes of foreign countries, where 

I The Authors wish to admowled^e \vith thanka the careful work of the following mm whose assistance 
made it possible to carry on this work: To Messrs. Grover V>. Turabow, R. R. Groninger, and Ronald Wood 
credit it due icff the chemical analyses: to Messrs. O. W. Johnson, C. H. Fitie, and W . H. Booth (killed m 
serricc. Prance) for the careful determination on yield of jnilk and growth of lambs. 

• K 5 mO, J. DBS KSNSCBUCamt NahRUNGS- UNO GUNCSSimTBL. Aufl. 4, Bd. I, p. 365-271. 
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yield of milk and the butter-fat content was of greatest .consequence. 
These results are of little benefit in the solution of this problem, other 
than to show the great variation that occurs between different breeds 
and within the breeds. This problem will include only such breeds as 
are common to this section of the country. Among the above-mentioned 
investigations, only two give figures upon breeds that will be included 
in this work. Filhol and Joly * give figures upon the Southdown, and 
Hucho * upon the Hampshire breed. These results serve only to verify 
the results of other investigators, and show the variation between breeds. 

Fuller and Kleinheinz,® of the Wisconsin Station, made a study of the 
yield, fat, and total solids of the milk of five breeds of sheep; the Oxford. 
Southdown, Dorset, Shropshire, Merino, and the Montana grade. They 
included two ewes of each breed in their study, and took the average of 
the two results as the average of the breed. In determining the milk 
yield, the lamb was weighed before and after sucking the mother ewe. 
This was repeated at frequent intervals during a 48-hour period, from 
which the yield of milk for 24 hours was calculated. They observed 
that, when the ewes were milked by hand, only about one -half the 
quantity of milk was obtained as when the first method was used. The 
results on the two ewes of each breed show a wide variation in milk 
yield and percentage of fat between the breeds. 

' Ritzman,* of the New Hampshire Station, in a recent publication has 
made a valuable contribution to the present knowledge of ewes’ milk. 
His work dealt espcjcially with the fat content and its relation to growth 
of lambs. A summary of his results on the fat content of 6 distinct 
breeds and 1 1 crossbreeds over a considerable period of years showed a 
great variation in the percentage of fat. The outstanding feature was 
that not on|f did breeds differ in fat content of milk, but individual 
ewes within the breed differed greatly. Moreover, these individual ewes 
showed marked differences in fat percentage at different lactation periods. 
This fact was observed by the writers during a prelimiriary investigation 
of ewes’ milk carried on a year previous to this present investigation. 
Ritzman concluded that the growth of the lamb was not dependent 
upon the percentage of fat, but he was of the opinion that it depend^ 
mainly on the quantity of milk. No actual milk yields were obtained 
by him, but in estimation of the yields made by observation was tabu- 
lated as * high-”, "good-”, "fair-”, and "poor-milking’^ ewes. 

From a re\dew of the literature it is evident that an accurate estima- 
tion of the quantity and composition of ewes’ milk is necessary in order 

1 FaHOL, and Jcil,y, XnAI.Y$BS DU I.AIT DB BRBBIS APFASTBMAMT A KACSS. In Compt. 

Rend. Acad. Sci. [Paris] t. 47, no. as, P- 1013-1014. 1858. 

Hucho, Hermann. truTERSUCHUNOEN uber schapiulcb mit sbesondesar ERCcJCsrcBmciiwo 
DER ostpribsischeh MJUHSCHAPE- A* Undw. Johrb., Bd. a6, Heft a/j, p. 496-547. 1897. * * 

PunER. J. G., and KtEmnEiNz. Frank, on the baily yiei.d and COMPOSntoN ot i^eom eweb 

09 VARIOUS BREEDS, /n Ws. A|r. Exp. Sta..aist Ann. Rpt. 1903/04. p. 48-50. 1904. 

E. G. iiWEs’ MU.*:: its fat CONTENT AND BEWTION TO THE GROWTH OF tAMBS. In JatU. 
Aer. R«earch. v. 8. no. a. p. 09-36, i fig. 1917. Literature cited, p. 35-36, 
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to ascertain the factors which influence growth, since analyses of the 
milk of individual ewes differ widely. In the first year's work, which 
was pfeliniinary in nature, five breeds of ewes were studied, an estima- 
tion of the quantity of milk given by each ewe was made every seven 
6 aySt on two ewes of each breed. Chemical analyses of the samples of 
milk taken in lo-day periods after lambing were made for a period of 
70 days. The gain of the lamb was recorded every seven days. The 
chief objections showmg up in the preliminary work were as follows: 
It became evidtnt that samples of milk for analysis and total quantities 
of milk ought to be taken at the same period, or as near thereto as pos- 
sible. The experiment included only two ewes in each breed, and in 
some cases one might give an abnormally high or low milk yield, which 
would show unfair averages in the breed. Still another factor entered 
into flie work. A period of 70 days proved too long, for lambs need 
access to grain early in their life, and as grain was fed to them this 
made any correlation of composition of milk and growth futile. All 
the above difficulties were eliminated by the following procedure adopted 
in this work ; 

PLAN OF INVESTIGATION 

It was realized that any work on tlie study of the milk of ewes must 
include a number of ewes before affair average of the milk constituents 
could be obtained. However, in this work the difficulty becomes very 
evident, ^or with a great number of ewes the work becomes so labo- 
rious that the use of a great number in the experiment is prohibitive. 
The aim was to choose three ewes which showed chamcteristics of the 
average ewe of the particular breed. This was done by starting with 
four ewes of each breed and continuing with the three that showed 
the nearest to the normal milk yield for the breed. Six breeds of ewes 
and three ewes from each breed were used in this experiment. The 
period of investigation continued for 50 days. Every 10 days after 
lambing the total quantity of milk ^vus recorded, and samples of milk 
were taken. The weight of the lamb was taken at birth and every 
10 day| thereafter, from which the gain was calculated. 

METHODS USED IN OBTAINING MILK SAMPLES 

In determining the total milk yield of each ewe the lamb was separated 
from the mother ewe at 6 o’clock in the morning. At 7 it was allowed 
to suckle the ewe. This was done in order to start all ewes on a 
uniform basis. At frequent intervals during the 24-hour period, which 
began after the lamb suckled the ewe at 7 o’clock, the Iamb was weighed, 
allowed to suckle, and reweighed, on a balance weighing accurately to 
I gm.* The sum of the differences in the lamb’s weight before and 
after suckling the ewe during the 24-hqur period gave the total yield 
of milk. In this manner all the milk was obtmned without causing 
any nervousness on the part of the ewe, and the results gave a good 
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representative total yield of milk. The milk samples for the analysis 
were obtained as follows: After the 24-hour period was concluded for 
the total yield of milk the lamb was kept away from the ewe until a 
suiEcient quantity of milk was in the udder; then the lamb "jas allowed 
to suckle one side, while the other was milked dry. In this manner a 
uniform sample was obtained without causing undue nervousness on the 
part of the ewe. 

CONSTITUENTS DETERMINED IN THE MILK 

• • 

The samples of milk were analyzed for the following constituents: 

Total nitrogen, casein, albumin, fat, lactose, specific gravity, and ash. 
The ash was then analyzed for the calcium and phosphorus content. 

methods used 

• 

Total nitrogen. — A quantity of milk (approximately 5 gm.) was weighed accu- 
rately and the nitrogen determined by the Kjeldahl method. 

Casein. — Casein was precipit^d by acetic acid on a weighed quantity of milk 
according to the official method. The nitrogen determined by the Kjeldahl method 
and the results multiplied by the factor 6.38. 

Albumin. — After neutralizing the filtrate obtained after removing the casein, with 
sodium hydroxid, and adding acetic acid of the proper strength and quantity, accord- 
ing to the official methods,^ the nitrogen was determined by the Kjeldahl method 
and the result multiplied by 6.38, 

Nonprotein nitrogen.— The sum of the nitrogen of the casein and albumin was 
subtracted from the total nitrogen. The result gave the nonprotein nitrogen. 

Fat. — The fat was determined by the Babcock method. * 

Lactose. — A portion of milk (approximately 10 gm.) was weighed accurately 
in a flask and 25 cc. of distilled water were added. The proteins were precipitated 
with a sufficient quantity of colloidal ferric hydroxid as described by Hill.® They 
were then filtered off and the clear filtrate collected in a volumetric flask. The 
proteins were washed with distilled water until free from lactose. The combined 
filtrate and washings were made up to a definite volume and the lactose determined 
by the volumetric method of Benedict.^ The colloidal ferric hydroxid proved to 
be a very efficacious clarifier, as it is very simple to use and insures thorough clarifi- 
cation and a clear solution. 

Specific gravity. — Specific gravity was determined by the Westphal balance. 

Ash. — The ash was made upon composite samples of the four samples of milk by 
the official methods. 

CALauM AND PHOSPHORUS. — Calcjum and jAosphorus were determined from the 
ash residues by the methods described by Richmond.* 

DISCUSSION OF RESULTS 

In Table I is found the percentage composition and total yield of 
milk of each ewe for the entire series taken every 10 days during a 
period of 24 hours. In all cases the first results upon the total weight 

^ASSOOATION O# OWICUL AcMCUilURAr, ChRMISTS. BBPORT or COUUirma ON EDITING methods 
OF ANAI,YSI5. p. 287-389. Baltimore, Md., 1916, (Join. Assoc, 0£f. Agr, Chem., v. j, no, 3, pt. 2.) 

* Hni Rbubxn L. not® on thk uss or cowujidai, iron in the dbterhinatiok or i.actoss in 
MII.K. Iti Jour. Biol. Chem., v. 20 , im. 3 , p. 175 ■ * 76 - 1915 . 

•Bwbdict, Staniby R. the detection and esttmation or glucose in tmiNE. In lour. Amer 
Med. Assoc., V. s7. no. IS, p. 1911. 

♦Richmond. Henry Droop, dairy chemistry. p,8i-«2. London. 1809. 
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of milk were secured 10 days after the birth of the lamb. This duration 
of time was allowed to elapse in order to allow the milk of the ewe to 
become normal. Analyses of ewes' milk, made by Weiske and Ken- 
nepohP at different periods, varying from hours to several days 
after the birth of the lamb, show that 10 days is ample time for the 
milk flow to assume its normal composition. 

The results of the table indicate, as would naturally be assumed, 
that there is a decrease in the milk flow of the ewes in the 50-day period. 
In only one instance this not true; that was in the case of Cotswold 
ewe, No. 753, which maintained not only a constant milk flow throughout 
the experiment, but actually showed a slight increase at the end of the 
50-day period. 

Table I . — Quantity and composition oj ewes* milk 


d and Ko. of 
ewes. 


Average. 


i^eb. iS 
Feb. 
Mar. to 
Mar. 30 
Mar. 30 


Feb. 21 
Mar. 3 
Mar. 13 
Mar. 33 
Apr. 2 


Feb. 28 
Mar.' 10 
Mar. 30 
Mar. 30 
Apr. 9 


Feb. IT 
Feb. 27 
Mar. 9 
Mar. 19 
Mar. 29 


Feb. 20 
Mar. 3 
Mar. 13 
Mar. S3 
Apr. I 


Gi». 

980 

805 




W5 


477 

3,487 

2,328 

1^845 

338 


-093 


3)439 
78 
[2) 534 

1,848 


* 

If. d. 
3.44 
3-47 

3-60 
3- S 9 
3- 52 


I- 033 
1*033 
1.03 a 


1.033 


1 - 03 S 
1. 038 
1.033 
103s 
I- 034 


u 0*9 
1.034 
1.032 
1-035 
1-033 


1,031 

1. 030 

1.031 
1-035 


3-32 


3-09 


150 2, 479- q I* 031 3. 13 . 71 • 061 8- 


\P. Ct. 
). 076 

■07s 

.087 

.062 

,067 


• 058 


\P.ct, 
4- 79 
4-83 
4.00 

4- 93 

5- 12 


.069 


73 


P.d, 

0.87 


Ash percent- 
age of cal- 
cium and 
phosphorus 
in. ash. 


P.ctJP.cL 
3-15 I 19-92 


4-74 -81 14-22 J4-<S 


24-65 


' WBISKQ. H., and KStTNgPOHl., G. tTHtSKSUCHITNOBN Cb*R SOTA^MUca UNTBR VQRSCaiSDBNBR 
VsJtHA^TNissitK. Jour. Landw., Jahrg. 29, p. 451-472, 1881. 
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Tabi.^ I . — Quantity and composition of ewes’ milk — Continued 


Breed end No. of 


UNCOUf— coatd. 


Average. . . 

KAHBODIUXT 


Average. . 


Average. . 


Feb. 27 
Mar. 9 
Mar. 29 
Mar. 39 
Apr. 8 


Feb. 34 
Mar. 6 
Mar. x6 
Mar. 36 
Apr. s 


Feb. 12 

Fdj. 23 

Mar. 4 
Mar. 14 
Mar. 24 


Feb. 36 
Mar. 8 
Mar. 18 
Mar. 38 
Apr. 7 


Feb. 98 
Mar. 10 
Mar. 30 
Mar. 30 
Apr. 9 


136 




165 




ilfS 74 - 

11.313 


918 
|i. 39 l 
347 
|i. 131 


1, 766 
I, 706 

758 


1-032 

1. 029 

1.030 
1.033 


I. 031 


1-033 

1-037 

i.ojz 

J.034 

1-033 


1034 


1.040 
1.034 
I 033 


1.03^ 


1.043 
I. 030 
1.034 

1-037 

1.034 


• 03 s 


P. ct. 

1. 13 
.84 

■ s» 

■ 95 , 
.91 


p. a. 

. IDl 

.062 

•059 

.077 

.078 


-075 


P. ct. 
7.6 
6.0 
6.9 

6.4 

7-4 


10.05 

II- 9 

9.6 

9.6 

8.2 


.066 7. r 


P- ct. 
4-74 
4. 73 
4-87 
4.60 
4.70 


4- 72 


P.ct. 

0.67 


Ash percent- 
age of cal- 
cium and 
phosphorus 
in ash. 




P, d. 
27.56 


29.38 


A study of Table I brings out the fact that there is a great variability 
in the percentages of the constituents of ewes’ milk. Not only is this tru e 
among the different breeds, but also during the lactation period of the indi- 
vidual. The most constant constituent , in the milk of all breeds exam- 
ined appears to be lactose, while fat seems to be the most variable. The 
difference in the percentages of faf is very marked, not only between the 
breeds, but during the lactation period of the individual. These observa; 
tions are in harmony with the results secured by Ritzraan,' who also 
found that the fat varied at different lactation periods of individual ewes 
and who concluded that — 

No great reliance can be placed on single tests of an individual, and that a test must 
either cover a larger number of periods during one -lactation of an individual or that 


1 Rttzmak, K. G., 1917. OP. or., p. 31. 
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H must cover an averse a large number of mdividttals at one period, in <^er to be 

representative. 

When the average percentages of fat for the fiv^ lactation periods of 
each ewe are dete^ned and compared, the variation of fat content is 
not so marked, which indicates clearly the value of a numlper of tests 
rather than one single test on an individual. 


TablS il . — Average quantity and composition of milk for each ewe and for each breed 


■4- 

Average 




Composition of milk 



Breed and No. of ewe. 

quantity 
of milk 
for 34- 
hour 
periods. 

S. 

Specific 

gravity. 

Caseiil. 

Ai: 

bumin. 

Non- 

protein. 

Pat. 

Lactose. 

Ashi* 

COTSWOLD 




Pir cenL 
a8j 


Per cent, 
7-3 



251 B 

Gift* 

13585 

1.034 

Per cmi. 
3- 3* 

Per ce»l, 
a 065 

Per cent. 
4-73 

Percent. 
a 87 

753 

*>965 

r-033 

3-04 

.63 

-058 

7-7 

• S-oo 

- 77 

ao97 

X, 134 . 8 

1.033 

3- 96 

■ 72 

.073 

S. I 

4-63 

.84 

Average 

1,558 

1033 

3- JO 

• 74 

• 065 

7-7 

. 4-78 

.83 

HAMFSHntE 









SO 

2,479 

I- 031 

3- 13 

•71 

.o 6 t 

6. 0 

4.74 

.Si 

33 

938- 4 

r. 033 

2. 97 

■92 

■ oSo 

7. 6 

4-72 

.78 

30 

3,093 

1-033 

3-09 

-59 

.069 

7. 6 

4*74 

.76 

Average 

2, 170 

1-033 

3- 06 

-74 

.070 

7* J 

4- 73 

.78 

’ LINCOr.N^ 









*940 

r.309-6 

t-033 

2. 97 

.72 

.067 

&8 

4-77 

.83 

1996 

921- 8 

I- 033 

3 - *7 

.88 

.077 

A8 

4-73 


1913 

I, S 44 - a 

r. 035 

3 - JO 

•73 

.053 

8.9 

4 - 79 

Average 

r. 358 

I- 037 

3 -oS 

•77 

.065 

a I 

4 - 76 ' 

.76 

RAMBOUIU.BT 









36 

1 . 379 - 8 

, *• 939 

4. 16 

■84 

.-059 

9.8 

4-77 

-91 

59 

1,985 

1-035 

3-33 

•73 

. 056 

6.7 

4-93 

.80 

74 

1, 121. 8 

*• 035 

3 - 34 

i .87 

.066 

7 - J 

4.60 

.86 

Average 

1,495 

1 1. 036 

3 - 60 

.81 

.078 

7-8 1 

4-77 

.85 

SOUtHDOWN 









89 

1, 146. 8 

t- 031 

3 ' 43 

: .86 

■ 070 

3.2 

' 4-92 

-76 

UB 

*, 470 - 6 

034 

3 - 36 

.69 

.060 

A 9 , 

I 4-88 

•07 

X, too. 4 

I- 03s 

3.66 

.83 

.068 

ao ; 

j 4-3J 


Average 

1 Ii338 

*-033 

3 - 45 

• 79 

.666 

7-S ' 

1 4-70 

.91 

‘ SHSOTSBiaa 

7 Sa 

*,307- 2 ; 

4-035 

3-57 

•S6 

. 06 

ai 1 

4 - 48 

• 95 

366346 

3,05a 8 : 

*-034 ! 

3-73 

•79 

.08 

7*3 1 

+ 48 

•84 

49 

1 1,341.8 ' 

1. 033 

3. 12 

.86 

.07 

9 - 1 

4-57 

.87 

Average 

i,S3» 

* 033 : 

3 - 47 

•77 

•07 j 

ai 

450 

.88 


Tables II and III are given for convenience of comparison of the aver- 
se yield and the average analysis of the milk for the 50-day period. 
Table II gjives the averages for the three individual ewes of each breed, 
and the average of these averages is represented in Table III as the 
average for the breed. 
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Tabi,b III . — Average quantity and composition of milk for each breed 



Avetaae 

total 




Composition <d milk. 



Name of breed. 

Quantity 
oiinilk 
for n- 
hour 
periods. 

Specific 

atavity. 

Casein. 

. 

Al: 

buxuiu. 

Non- 

protein. 

Pat. 

I.acto9e. 

Ash. 

Hampshire 

Gm. 

2, 

l.SS8 

1. 032 

Per cent. 
3.06 

Per cent. 

0.74 

Percent. 

0.070 

Per cent. 
- 7- 1 

Per cent, 
4- 79 

Per cent. 

0. 78 

CoAsWold 

1.033 

3 - 10 

.74 

.065 

7 - 7 ; 

* 4-45 

1 .89 

Shiopshire 

If 5 J» 

1-033 

3-47 

•77 

.007 

8.1 

4- SO 

.88 

RambouiUet 

r-49S 

I. 036 

3.60 

.81 

.078 

7-8 

4- 77 

-8s 

Lincoln 

It 958 

1. 09 7 

3.08 

•77 

. 0O5 

8.1 

4- 76 

• 78 

Southdown 

If 23* 

1-033 

3 - 45 

•79 

.066 

7 - S 

4- 70 

-91 


Table III brings out clearly the diCFerences in n^lk yields for the 
different breeds. The Hampshire ewes in this experiment easily ranked 
first in quantity of milk produdifd, while the differences in the other 
five breeds were not so great. 


Tabi.b IV . — Initial weight of lambs and their gain during each lo-day^riod 
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IV.— Initial weight of lambs and their gain during each lo-day period—Contd. 


Breed and No. of ewe. 

Num- 
ber of 
lambs. 

Initial weight of 
Uunbs. 

Amount of weight gained by 
Iambs each to-day period. 

First, 

Second. 

First. 

Sec^d, 

ToUl. 

biNCObN — continued 

I 

Cm. 

5.650 

Gm. 

Gm. 

3 . 003 
2 . 754 

2.256 

2. 256 

I; 782 

Gm. 

Gm. 

3.003 
2 , 754 
2, 256 
2j 286 

I, 782 











12, 081 


12, 081 






r 

5 . +24 


2,463 
2,078 
a 844 
696 
702 


2,463 
2, 078 
•844 

696 

702 











6,783 


6,783 

RAMBOUILLEI' 





I 

5 . 085 


2, 189 
3 . 114 
2, 117 
2 . 395 

1 , 63 i 


2, 189 
3 # 1 14 
2, 117 
2,395 
1, 681 











II, 496 


11,496 






2 

4, iSi 

4,181 

2, 526 
249 
1, 140 
770 
1, 612 

2,230 
1,969 
I, 722 

1,681 

1,423 

4,756 

2, 218 
2, 862 

2,451 

3 , 035 

Total gain 50 days 






16, 092 

74 






2 

3.616 

3.390 

1,427 

542 

992 

755 

I, 012 

937 

598 

780 

,795 
1, 227 

2,364 

1, 140 
1, y 2 
1,550 

2,239 

Total gain 50 days 






9, 065 

COTSWOlrD 

2518 






2 

4 . 633 

4, 520 

2, 431 
I. 527 
1.305 

I, 260 
I, 222 

2,318 

h 587 

I, 566 

I. 363 
1, 152 

4,749 

3 , ”4 
2, 871 
2,623 
2,374 

Total gain 50 days 






15. 73 t 

753 






I 

4,068 


3. 696 
3 . 549 
2, 976 

2 . 995 
.2, 191 


3 , 696 
3 , 549 
2,976 

2,995 
2, 191 

Total gain 50 days 








1 

15.407 


15.407 






> Lamb side, did not thrive. 
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Tabi.0 IV . — -Initial weight of lambs and their gain during each lo-day period — Contd^ 
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In Table IV data are given on the initial weight of the tamb or lambs 
and the gain in wdght every lo days during the period 6f the experiment. 
The total gain is also included. 

* Table V is a combination of the results on total milk yield and the 
total constituents of the milk, expressed in grams, calculated from 
the average percentages secured on the 50-day period, and also data 
on the total gain in weight of the lambs. 

Table VI gives the averages of the above constituents for each breed. 


Tablb V . — Relation of Milk Constituents of Individual Ewes to Growth of Lambs 


Breed and No. of 

Total 
quantity 
of mite. 

Total 

casein. 

Total 

^bu- 

%iiii. 

Total 

non- 

pro- 

teids. 

Total 

fat. 

Total 

lac- 

tose 

Total 

ash. 

Weight at 
birth. 

Num- 
ber of 
lambs 
to ewe. 

Total 

growth. 

Lamb 
No. I. 

Lamb 
No. 2. 

HAMPSBTVH 

C«f, 

104. 650 

96, 939 

Gm. 

3,237 

5,897 

3,878 

Cm. 

617 

880 

891 

Gm. 

73 

76 

77 

Gm. 

1 > 953 
7 ; 437 
7,375 

Gm. 

4,960 

5,974 

4,574 

Gm. 

795 

1,004 

756 

Gm, 

5,424 

4,407 

4,294 

Gm. 

3,505 

4,859 

a 2 

2 

1 

Gm. 
31,764 
23, 236 
18,064 



Average 


to8, 506. 6 

3,331 

796 

75 

7 , 585 

5,126 

852 




ar.ozS 

cotswold' 

98.350 

79 . 350 

56, 340 

3,987 
2, 631 
1, 664 

668 

642 

405 

S 7 

52 

40 

7,565 

%785 
45 555 

4,913 

3,748 

3,588 

756 

689 

472 

4,o6S 

4,653 

5,650 


1 

2 

I 

15,407 

17,731 

9,809 


4,530 


Average 


77 i 913 - 3 

3,437 

572 

SO 

5,968 

3,749 

639 




14.318 





RAMBOPJUrr 

68,990 

99 , 350 

: 56,090 

3,870 

3,395 

1,875 

579 

705 

487 

: 56 
37 

6, 761 

6,65a 

3,983 

3,»8o 

4,913 

3, 680 

627 
794 1 
482 1 

*085 
4, 181 
3,616 

3,84a 

4 ,i 8 z 

3,390 

6r 

2 

13,078 

15,321 

9,065 

59 

74 

Average 

75 , no 

3,677 

: 590 

45 

5,797 

3,634 

634 



j 

13,488 

LINCOLN 

1940 




.65,450 

77 , «0 

46,090 

63,350 

^ 1,944 

1 3,393 
1,461 

' 471 
564 
406 

’ 44 
41 

35 

5,650 

6,871 

3, 135 

3 , 123 

3,698 

3,176 

537 

618 

309 

5,311 
5 , 434 
5,650 


I 1 

: 1 

! ^ ! 

11,272 

11,081 

6,783 

1913 


J006 


Average 


1,933 

480 

40 

5,319 

3,999 

388 1 



i 

10.045 





SOCTHDOVX 

S9 

# 7,540 

1 73,550 

! 55,030 

1,967 

3,397 

3,013 

493 

507 

451 

40 

51 

37 

4 , 703 
5,559 
4,401 

3,821 

3,588 

3,371 

1 

435 : 
573 ’ 
654 ! 

4 , 394 
4,068 
3,6x6 


r 

3 

io,6of 
11. 769 
12,483 

laS 


aoj 

3,503 

Average 

SBKOPEHIKS 

753 

61,963.3 

3 , 136 

: 484 

43 

4 , 554 

2,926 

554 ' 




11, 618 

65,560 

103,540 

63 , 0 ^ 

»‘333 

3,814 

1,937 

i 

1 

1 366 
8to 

534 

39 

8 a 

43 

5,394 
7,383 
; 5,650 

3,938 

4,594 

3,857 

j 

621 
861 
540 i 

4,394 

3,955 

3,503 


1 

2 

2 

11,751 

18,468 

12,060 

366346 

4,407 

3,377 

49 

Average 

76,663.3 

3,695 

570 

55 

6, 109 

3,453 

675 ; 




14,093 





■ Ewe had triplets. <»e was taken away on ninth day. 

* I ^a n ib bad leg broken on ninth day and was resnoved. 


In a compar^n of the total quantity of milk constituents and the 
to^ growth of the lambs there is one disturbing factor. In all breeds, 
with the exception of the Lincoln, twins were bom to one or more ewes 
in each- breed, and in one case triplets. The three Lincoln ewes all 
gave birth to single lambs. It is obvious 'Uiat in comparison of quantity 
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of milk and g|Owth of lambs the best experimental results in this investi- 
gation would have been obtained if all ewes were allowed to raise only 
one lamb. In future work it is hoped that this condition may be ful- 
filled. However, many factors prevented^ such an ferangement. At 
the time of this investigation, which is an outgrowth of a more extended 
investigation on sheep, it was desired to make the work correspond as 
closely as posable to the actual conditions found in sheep husbandry, 
and othei* data were collected besides those included in this paper. 


Tabi^E W.—Relaiion of Milk Constituents of Breeds to Growth of Lambs 


Breed. 

Total 

quantity 

ofmUlc. 

Total 

casefai 

Total 

albu- 

min. 

Total 

non- 

pTO- 

tetds. 

Tote] 

fat. 

Total 

lactose. 

Total 

ash. 

Num- 
ber of 
lambs 

Total 

£rowth. 

Hampdiirc. 

Gm. 

108, 506, 6 

Gm. 

3*331 

Gm. 

796 

Om. 

W 75 

Gm. -i 
7,585 ! 

Gm. 

5,136 

Gm. 

853 

5 

Gm. 

3i,oa8 

Cotswold 

7?>9J3‘3 

3,427 

573 

50 

5,968 ; 

3) 749 

639 

4 

14,318 

Shropshire 

76,636.3 

3)695 

570 

55 

6, 107 

3,453 

674 

5 

14,093 

Rsmbouillet 

7 SjI 10 

3,677 

S90 

AS 

5)797 

3,634 

634 

5 

13,488 

IJncolii 

63, 230 

1,933 
3, 136 

4I0 

40 

5)319 

3,999 

388 

3 

io,C 4 S 

Soutbdowo 

6 Ij 963-3 

484 

,43 

4) 554 

3,936 

554 1 

4 I 

1 

31,638 


It is quite evident that twin lambs, given a sufficient quantity of milk, 
will make a greater total gain thap a single lamb, provided their initial 
weights correspond and they are equally strong at 'birth. A certain 
amount of milk is essential for the growth of a lamb, but on the other 
hand there is a limit to the amount of milk that an animal can assimilate. 
Therefore, two lambs, given a sufficient quantity of milk, will have an 
advantage in total gain over a single lamb. The single lamb, however, 
is generally larger than either of the twin lambs at birth, but from an 
economical standpoint it is obvious that twins are more desirable in the 
flock than singles. • 

A compilation of the data on the Hampshire breed shows the single 
lamb of ewe No. 33 gained nearly as much in the same period of time 
as the twin lambs of ewe No. 30. A comparison of t)^ total yield of 
milk shows ewe No. 33 produced slightly less than ewe No. 30.* 

In the Cotswold breed we have ewe No. 753 giving more than either 
of the other two ewes, and the single lamb has made a gain almost equal 
to the gain of the twin lambs of ewe No. 2518. Ewe No. 2518 has twin 
lambs, and their total gain is only slightly greater than the single lamb 
of ewe No. 753. The third ewe. No, 2097, shows a smaller milk yield 
than ewe No. 2518 with the twin lambs, and the gain of her single lamb 
is a little more than one-half as much as the total gain of the twin lambs. 
In the Rambouillet and Southdown breeds we find the total gain in 
weight of the lambs is proportional to the amount of milk consumed. 
In the Lincoln breed, the only breed where there are three single lambs, 
their gain in weight is also proportional to t|jie quantity of milk co^umed. 
However, the lamb beloi^;ing to the Lincoln ewe. No. 1996, became sick 
at the end of 20 days and did not thrive thereafter. 
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It appears from this experiment that ther greatest fact^ in growth is 
quantity of milk ; hence, a high-milk-producing ewe is more valuable than 
a low one. The inherited capa^ty for growth, however, must not be 
overlooked. Asto tTie relatiire merits of the breeds, it is not the purpose of 
this investigation to enter upon a discussion. To draw conclusions 
upon such a small number of ewes in each breed would be unfair. It 
was the aim of this experiment to make the investigation os fair as possi- 
ble to all breeds studied, and the authors desire to emphasfze clearly 
the fact that results upon the different breeds are given wholly as an 
attempt to correlate milk yields, their composition, and their relation to 
growth. The results are not given with an idea of comparing the desira- 
bility or undesirability of the breeds included in this experiment, but 
rather for the purpose of presenting to the farmer and student information 
in regard to features of certain well-known breeds that.have to do with 
utility and adaptation to certaiq^ specific purposes. For example, the 
man interested in the growth of lambs for early marketing would be inter- 
ested in a breed that by its yield of milk, dnd possibly certain other fac- 
tors, made the greatest average»growth of lambs. Another purpose of 
the experiment is to stimulate the interest of investigators and students of 
animal breeding in the field for the improvement of certain breeds with 
reference to factors having to do with profit for the grower. There 
might even be room for a new breed that would possess all the desirable 
and highly useful factors of some of the breeds included in this experiment. 



SEED DISINFECTION BY FORMALDEHYDE VAPOR 

f PRELIMINARY REPORT] 

By Cecil C. Thomas 

PaUhological Inspector, Federal Horticultural Board, United States Departnl^i of 
Agriculture 

INTRODUCTION 

The continual introduction of plants by the Department of Agriculture, 
chiedy by means of seeds, from all parts of the world, and the constant 
danger of allowing little-known or serious diseases to enter thereon, 
emphasize the necessity for a study of the methods of seed disinfection. 
There are few data on this subject except in the case of cereals and for 
a small number of seeds used in physiological experiments. 

The pathological inspectors of the Federal Horticultural Board have 
encountered many difficulties in treating hundreds of lots of seeds of 
widely varying types and quantities with the various liquid treatments 
in common use. Most of the treatments recommended and used at the 
present time require dipping or soaking in a water solution of some 
fungicide or germicide. The seeds, therefore, remain wet for a longer 
or shorter period, depending on the treatment given and the method of 
drying. 

Some seeds like wheat and rye absorb water slowly and can be dried 
without much injury, while seeds like the various members of the mustard 
family absorb water very readily and with even a very brief treatment 
swell sufficiently to break the seed coat and allow the cotyledons to fall 
apart, thus destroying the seed. 

Light seeds such as are found in many of the grasses present another 
problem for the wet treatment. It is very difficult to give them anything 
like a uniform treatment because of the difficulty of wetting them and 
keeping them under the liquid. Seeds such as flax, which have a muci- 
laginous covering, present still smother difficulty for wet treatments. 

The large number of shipments and the great variety of seeds passing 
through the quarantine inspection house of the Federal Horticultural 
Board, United States Department of Agriculture, that need to be treated 
render desirable the adoption of a method of tre^-tm^t which will 
obviate wetting and drying. An attempt, therefore, is being made to 
develop a treatment of this type with formaldehyde vapor. While it is 
far from being perfected, it*«eems desirable to make a preliminary report 
on some of the results obtained. 
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The pathological inspectors of the Federal Horticultural Board have 
treated several hundred lots of s^ds each year in the liquid treatments 
commonly recommended and have found the formaldehyde solutions 
the best for the greatest number of cases. Formaldehyde is also known 
to be a very efficient germicide when used in the form of a vapor as a 
disinfectant for contagious human diseases. 

For the above reasons formaldehyde vapor has been selected for this 
work. 

apparatus 

A galvanized iron can (fig. i, A) having a capacity of approximately 
130,000 *cc. was used. After introducing the seeds and organisms, 



Pis. i—Ponnaldehyde'Vapor disinfectine apparatus 


Steam was added through a rubber tube (B) from an autoclave (C). 
The formaldehyde* solution (Shoemaker and Busch, U. S. P. VIII, 40 
per cent by volume of formic aldehyde) was diluted one to one with 
water to give a greater volume of liquid. This formaldehyde solution 
was introduced through an atomizer (D) with the aid of compressed air 
(F), the nozzle of the atomizer being inserted in the rubber tube (B), 
through which £he steam passes as it enters the can. This insertion 
was made as close to the can as possible. Steam was first introduced 
and then the compressed-air tube was attached to the atomizer and the 
formaldehyde solution was forced in while the steam was still entering. 
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The finely atomized formaldehyde solution thus enters the can and is, 
carried to all parts of it with the stean^. Condensation takes place on 
the surface of the seeds, forming a thin film of moisture about each 
seed in which the formaldehyde may act, and as this film evaporates the 
gas is freed. 

A frame (H) contaii^g three wire shelves w-as used inside the can, 
an^ the seeds were placed in porcelain dishes •n these shelves. 

EXPERIMENTS 

There are two distinct phases of .this problem: (i) The ^ect qn ’the 
seeds and (2), the effect on the fungi and bacteria. 

Table I gives the residt of a series of treatments of a number of differ- 
ent seeds. The formaldehyde solution, before dilution, was used at the 
rate of 10 ounces per 1,000 Cubic feet to procure the results given in 
the second, third, and fourth columns and for the time indicated. The 
results given in the sixth coluipn are for formaldehyde used at the rate 
of 30 ounces per 1,000 cubic feet for 2 hours. 

The germination percentages given in this table are an average of the 
results obtained by the Seed Laboratories, Bureau of Plant Industry, 
United States Department of Agriculture, from germinating two samples 
of 100 seeds in each case. 


Table l.—Efeci of formaldehyde vapor of different strengths fot varying lengths of time 
on the gennination of seed 


Strength fonnahn. 


Seed. 


Checks. 


Alfalfa (C. 1.44)' 

Barley (C. 1*25)^ ! 

Beet I 

Carrot, Oxheart 

Clo>|sr, Crimson i 

Com, Miner’s Yellow Dent 


95' 5 
93- S 

71*5 

69^5 

70-5 

96-5 


Field Pea 

Flax 

Lettuce 

Millet 

Muskmelon, Rocky Ford 

Natal Grass. . . T 

Oats(C. I. 541-4)* 

Orchard Grass 

Radish, Icicle 

Rice (C. 1 . 1561)^ 

Rye(C. 1 . 138)* 

Soy Bean 

Sudan Grass 

Wheat, Blue Stem (C, 1 . 1912- 




93- 5 

94- 5 


97- 

94- 


87 


64 * 5 
97 


*93- 5 

83-5 


95- S 


84 

:W 


57-5 


10 ounces per j,ooo cubic feet. 

Checks. 

30 ounces 
per 1.000 
cubic feet 
(3 hours). 

I hour. 

3 hpurs. 

3 hours. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Percent. 

92 

93*5 

93-5 

g6 

89-5 

94. 5 

93-5 

94 

90-5 

92*5 

58-5 

64 

66 

66 

68.$ 

72 - s 

66. 5 

83. 5 

72-5 

79 

69 

75-5 

6S . 

69 

64 

95-5 

96' s 

97 

97 

98 

94 * S 

89-5 

93 

93-5 

89 

92 

93-5 

93 

86 

85 

97 

98 

99 

99 

99 

92-5 


92 - S 

81. s 

88.5 

82. s 

88 

95 - S 

95 

93 - S 

3 - 5 

3 

4-5 

^’3 

0 

98 

99 

97 

98 

98 

63- 5 

72*5 

, 73 - S 

76.5 

61. s 

98*5 

97 

98 

• 96 

96.5 

94 

96 

92 

93-5 

95 

84.5 

89 - S 

87 

83 

86 

96 

96- 5 

98 

99 

97-5 

90-5 

87-5 

84 

80 

84., 5 

61.5 

59-5 

ss-s 

62 

61.5 


> These are numbers of the Office ol Cereal Investigations, Bureau of Plant Industry. U. S. 

Department ol Agriculture, from which some of the seeds were obtained. 
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Apparently there was little?or no injury in any case. As shown by 
the percentage of germination in the checks the killing of all seeds in 
the case of Natal grass where 30 ounces per thousand culnc feet for 3 
hours was used probably was. due to the low vitality of the seeds, 

A number of experiments have been conducted with fungi and bac- 
teria in which they were treated with various amoimts of the formaldehyde 
vapor and for different lengths of time, ^ive different organisms, Monilia 
fructigena, Colleiotrichum gloeosporioides, Fttsarium vasinfectum^ Asco- 
chyta sp., and Bacillus caraUrvorus were used in the following experiments. 

The spores were exposed to the treatment in four different ways: 
(;) Three drops from a cloudy water suspension were placed on the bot- 
tom of a sterile petri dish with a sterile platinum loop and dried before 
treating. (2) Three drops of the suspension were placed in a dish as 
above and the dish was placed in the treating chamber before the drops 
had dried. (3) The drops from the suspenaon were placed on sterUe 
cover glasses and these were then plaqed in sterile petri dishes and 
treated. After treatment the cover glasses were removed to another 
petri dish in order to avoid a chance of getting any great amount of 
formaldehyde into the culture, medium when the plates were poured. 
(4) Masses of dry spores were used. The masses of spores were placed 
on cover glasses by smearing with a platinum loop containing an abund- 
ance of spores taken from the surface of a pure culture. These cover 
glasses were then handled as described under the third method. 

The checks were made in the same way as the plates used in the first 
method except that they were not treated in any way. After tlie treat- 
ments all plates were poured, using potato agar. They were kept under 
observation for from a week to 10 days. 

The use of different amounts of formaldehyde solution and changes in 
duration of the treatment show that und^r the conditions described 10 
ounc^ of standard formaldehyde solution per 1,000 cubic feet for i hour 
will kill the organisms used when they are exposed in a thin film. When 
a mass of spores is used, more time is necessary to kill them. 

The ma^ of organisms or spores in the case of Bacillus caratovorus 
and Monilia were kjUed when formaldehyde was used at the rate of lo 
ounces per 1,000 cubic feet for 2 hours; Ascochyta spores in mass were 
killed when formaldehyde was used at* the rate of 20 ounces per i,qoo 
cubic feet f pr i hour ; but 20 ounces per i ,000 cubic feet fOT 2 hours was 
necess^ to kill the masses of spores of Colletotrichum. Fusarium 
proved to be the most resistant, and a test was made using the spores of 
four different spedes of Fusarium in masses. Formaldehyde was used 
at the rate of 30 ounces per 1,000 cubic feet for 2 houre, and in aU cases 
growth occurred. 

PoHowing the above experiments some 'work was undertaken to deter- 
mine the effect of formaldehyde vapor on the fungous spores and bacteria 
bcyne on the surface of seeds. Five seeds of each of the various kinds 
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used above were placed in a series of sterile petri dishes, two sets of each 
kind of seeds being used. One set of dishes was held untreated ^ 
check and the other set was given the vapor, uring formaldehyde solution 
at the rate of 20 ounces per 1,000 cubic feet for 2 hours. The, plates 
were all poured in the usual way and observations were made for several 
days. This experiment was repeated three times, and very promising 
results were secured. Alfalfa, carrot, clover, field pea, flax, lettuce, 
millet, muskmelon, radish, and soy b^ns were free from fungi when 
treated, but fungi were present in abundance in all the checks, except 
flax. 

In practically all cases, whether treated or untreated, a few bacteria 
developed on the plates, but the treated plates showed very few colonies, 
while the checks showed a great many. 

In the case of barley, oats, com, rye, rice, and wheat no growth 
appeared for two or three days in the treated plates, while the untreated 
plates had an abundance of growth within a day or two. This difference 
may be due to an inhibiting effect on the part of the vapor, but it seems 
more probablfe that it is*due to the fact that the surface spores and 
mycelia were killed in the case of the treated seeds and that the |ppear- 
ance of fungi a day or two later is due to the growth of mycelium from 
within. The fungi appearing in such cases were species of Fusarium and 
Altemaria. 

It seemed desirable to determine in so far as possible what fungi are 
present on the seeds passing through the infepeCtion house and at the 
same time get some additional information as to w'hat effect the vapor 
treatment would have on these organisms under actual working condi- 
tions. A chance was also afforded to study the effect of the vapor treat- 
ment, in a very limited way, on germination. 

In this work five seeds of^ the material to be tested were removed 
before treatment and five -after treatment. These seeds were placed in 
sterile petri dishes and treated in the usual way. The plants were under 
observation for several days. §can seeds were used more than any other, 
inasmuch as a large number shipments of beans happened to be 
coming in from South America. ^ 

Out of the 86 different samples of beans treated and studied 9 seemed 
to be retarded from one to tworiays in germination, while 8 were accel- 
erated slighUy, but in no case was there any apparent injury. The 
remainder of the samples did not seem to be affected one waj^or the 
other, so far as their germination was concerned. There was very 
marked reduction in the number of fungi and bacteria present in the 
treated sample as compared with the untreated. In taking samples of 
this kind, average seeds were selected, and as a result -some of the beans 
were disf*aspd and probably had internal mycehum, as in the case of 
CoUetotrichum, thus making it impossible to reifder them absolutely free 
from fungi without killing them. 
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Sixteen different fungi were found in these samples, including Fusa- 
riM, Altemaria, and CoUetotrichum, species of all three of which are 
known to cause serious bean diseases. 

In a 4 of the experiments set forth above, only a few seeds were included 
in each sample and inasmuch as formaldehyde vapor is known to be 
lacking in penetration it seemed desirable to try the treatment of a larger 
quantity of seeds. ^ 

A shipment of poppy and Cryptotaenia seed afforded an opportunity 
to try the treatment of a larger quantity of seeds than previously had 
been attempted. The samples used were of suffici^t size to cover the 
bottom of the dish in which the seeds were treated to a depth of three- 
fourths of an inch. After treating the seeds a sample was taken from the 
surface and then the seeds were carefully removed from the surface to a 
depth of about one- half inch where another sample was taken. These 
.samples were plated out and the samples taken one-half inch belowthe 
surface showed fully as ihany colonies of fungi and bacteria as did the 
untreated samples while those taken from the surface showed no fungi 
and a marked reduction in bacteria. This ej^periment shows the lack 
of penetration of formaldehyde vapor. ^ 

A comparison of the formaldehyde vapor and a 2 per cent formalin 
solution was made. Ten different kinds of seeds were used and three 
samples, each consisting of ^ve seeds, of each of the different kinds of 
seeds were made and placed in sterile petri dashes. The first set of each 
was retained as a check; the second was treated with 2 per cent formalin 
for 10 minutes and then washed with sterilized water twice, while the third 
was given fopialdehyde gas at the rate of 20 ouiices of formalin per 1,000 
cubic feet for 2 hours. After treatment all the plates, including the 
checks, were polred and kept under observation for several days. In 
all cases the 2 per cent formalin sample stood intermediate between the 
checks and those treated with formaldehyde vapor. The vapor-treated 
samples were remarkably free from fungi and bacteria. In fact only the 
wheat, rice, and rye samples had any funglpresent, and there was much 
less growth in these than in the checks or in those treated with 2 per cent 
formalin. One of the noticeable things in this experiment was that in all 
the plates treated with the vapor there was a very marked reduction in 
the number of bacterial colonies, as compared with the checks, while 
the samples treated, with 2 per cent formalin showed little or no reduction 
in thewumber of bacterial colonies, as compared with tlfe checks It 
should be stated in connection with these experiments that different lots 
of seeds or a change in any 01^ of the many factors concerned in all 
probability would bring about a change in the results obtained. 

Several hundred lots of seeds have been tr^ted with 20 ounces of 
formaldehyde per 1,000 cubic feet, ^Subsequent plating in agar hag 
shown ^hat molds and btl^^r fungi rarely appear in these plates if the 
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seeds are sound, whereas the untreated checks seldom fail to develop 
several colonies. 

The work thus far necessarily ha| been limited to a few fungi and a 
few seeds, but there is an almost unlimited field here that needs investiga- 
tion if efficient and satisfactory results are to be obtained in the disinfec- 
tion of seeds. i 

CONCLUSION 

1. The use of liquids for disinfection is unsatisfactory for many kinds 
of seeds. ^ 

2. A number of species of fungi and bacteria are killed when treated 
for 2 hours with 20 oimcesf of formaldehyde vaporized under the condi- 
tions described. 

3. This sipie treatment is not injurious to any of the seeds tested. 

4. The experiments completed indicate that the i^ormaldehyde gas 
treatment described is a very efficient means of disinfection. 
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INFLUENCE OF* SOIL ENVIRONMENT ON ’THE ROOT- 
ROT^ OF Tp]|^CCO 

James JOH:^pKr, Assif iant Prcfessor of HorticuU^e, College of Agriculture, Uin- 
versify of Wisconsin, ^6. R. E. Hartmax, Agent, Ojfice of Ta^hcco InveetigaiioHs 
Bureau of Plant Industry, United Statef Department of Ag^uUure'^' 

COOPERATIVE INVESTlcATlOlrfS OP THE GEFICE OF TOBACCO INVESTIGATIONS 
BUREAU OF PEANT INDUSTRY, UNITED «TATES DEPARTMENT OF AGRICULTURl 
AND THE WISCONSIN AGRICUUTURAE E^pERIMENT STATION - 

INTRODUCTION 

The for^ost considerations in coimectioi^ wth ^e study ^ disea|e 
' in plants are t^e pathogenicity of the parasit^he susqpjtibility of the 
host, and the environmental conditions favoring th^ infection |nd prog- 
ress of the palate. It is well known, however, that the relative patho- 
genieity of the parasite and feceptibility 1)f the '^host are iij^t always 
easily distinguishable one from the other in disea^, and that they ^re 
largely influence by ‘environmental conditions.^ To the practical grower 
environmental conditions have been considered as all important, to, the 
exclusion of the pai^ite, i^fhile, on the other hand, the terMSeiSV id" the 
past bn the part o^athologists and botanists has been to de^te^a great 
deal of energy to^he study of the pitasite, with only passing interest 
being given to the influence of the envirifament on disease, as recently 
emphasized by Jones Th^ is esped^lHy true of plant diseases 

tiaving their origin or region of attack on underground port|ons of 
plants. Ae literature upon actual experim^tal data with reference to 
the influence of soil conditions upon a so|^mfestmg parasite if frag- 
mentary, and for the most p^rt concerned with%>^y 6n^r two variable 
factors, SO that the conclusions can not always be relied t^n becAse 
of failure to give due consideration to other factors ^rhaps even ™ore^ 
influential in the end result obtained. Ae ^Thiela^^-rootrot of tobaccd^ 
{Nicotic^ iahacuin) forms a relationship of host and parasiti 
ently admirably adapted for such expernnentaHwork in toat it pptni® 

quantitative determination ofithe idfluen<£ of the disease upon thji host ; 

Z *- i ^ ^ 

* The writeia indcbted'te^r. L. ^ Jones, of the Dciwrtineiit of Plant PaUwlosgf, Wisconsin Aci- 

cultuiiA Experiment Station, w helpf and to Dr. W. W. Gainer, of the of Tobacco 
Investigations, B«#«u «rf Plant industry, United State Department <rf Agriculture; fW critical readings 
of the manuscript, ^ # 

* Reference is made % number (itefic) to "Xiteratuie cited," p. 8s-S6. 
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#d the host 

easily tnani pnlktg^ tinder landely Varying enyiromnentai coiid^^oti% 
"Vlpt^^erence tct this, disease laione no probl^ was seemii^l^^^re'm 
need of investigation from a pi^ctical standpomt than the ^eat vam- 
bility in the jpccurre^let of the disease observe<^bp^ in gen$l|^ ^d 
^Ipcal. areas, andMe influence of extehial conditions oh fte applicate ' 
of grc^^lactic measures. The liteiature, ftrthermore, abounds in state- 
, ments imended to explain the epfdeftiics of this diselfee, whi(^ are greatly- 
in need of modification ai^ cbnrection. ; ♦ ^ ^ f 

Ac^rdMg]^, aft^dy was undertaken with the view of covering prac- 
tically all phases of the envirommentm conditions t^c^ might influence 
the tobacco rootrot. Although it is felt that the problem is stfll in need 
further study^it is believed that Jpe evidence here presented will serve 
to shoT[ii1g;he relations of th# more im|ortgiit factors concerned. 

SYMPTOMS OF ROOTROT 

The rootrot o||tob^co%id other plants, caused by Thu^via basicola 
(B. and Zopf, i§ the most serious disease with which the tobacco 
growers in most producing sections have to contend. Xt% imporfianoe 
is especially evident in Keiftucky, Wiscdnsin, .Ohio, Connecticut, and 
Pennsylvania. The aboveground symptoms are much the same as those 
produced by the usual unfkvorable^soil or weather condition which may 
stimt the ^owth of tobacco; hence, as a rule, its effects £Lre recog- 
Dized*by^e growers as haying a parasitic drigin. fVhere ixffection is 
abundant, howe^r, the signs of the disease oij the rogts are sufficiently 
specific to leave^no doubt as to the causal organism. ll is difficult, how- 
ever, even for the pathologist tb judge adequately the relative amount 
of damage done by T. baMola and by other causes which may reduce 
yield,, even when the roots are* carefully removed from the ^oil and 
washed before examination. . The relative importance can be deter- ' 
mined^with considerable accd^y, nevertheless, b^ comparing the pl^ts 
especially the,roq|Srwhij^have been grown ^ infested and uninfested or 
. sterilized soil ; Or By «)mparing both resistant and su^ptible strains grown 
^ infested soil. In |his ^y one ||iay find what appears to be a compara- 
tively unimportant amount of. infection is in reality a controlling factor; 
or^on other hand, that a seemingly heavy in%ctioh is of |p&para- 
*tively small importance.' this way casual judgment be replaced 
by definite experimental e'vidence. * , ^ ^ * 

The effects of the rootrot may range fA>m a comri^e checking of the 
plants, or<?^ deatl^when infection occurs m%ie ewy stages of groi^, 
to only dighi oi reduced yield. It is' indeedirighly pibbable that 

ijr under certain conditioi^ considerable iu^ctiqn u^y be present Vrithout 
appreciably Stifectir^^ the ^eld. Furthwtncre, It appears^ ^ be qgually 
^tain that in some g^tancdHniectioifeby T. basicM haf maikcilly in- 
creased yiddsa#a resukof terh^rarffy delaying grow^^tlring aia>eriod un- 


A^it^urpl Res^rcM 

the funeus is readiJv' recognizable, jmd both the parasite? 



w on Ro^rat of To^icco ^ 

$ y « ,. ^ . . ^ .y^'* 

fa\^^le foftobnD^ plant growth, hence preventmg maturity ol^the ^p 
untE^ll^tial condi^oDS dev^p more |ayorable for the normal erowth 
of the host, but at tSe same time unfavorable for the developm&f of the 
par^te. "^On the other nafid, the parasite haf produced through this 
iB<%e^ action hea% losses due to hail oriros^^jurie^or has reduced 
product as a result df extending the npening and cur^ 
ing process into unfavorabll^ seasons. No above-g^und syinp|oms; 
T^trot are more cotmnon t|ian the failure^of tobacco to grow appreciably 
during the first m^nth ix weeks after transplanting to the field, fol- 
lowed by a perioli of relatively rapid growth and de^opment caused by 
a change of conditions which havCup to the present remained more or 
less obscure. / % ^ ^ ^ 

No detailed description of the disease on the roots need be given here, 
as this phase of the lubject has b^ f requenfly presented and witflbecome 
more or less evident in the progress of the present discussioi^ 


REVIEW OF THE tlTER^HUR^ 


Peglion (20) was the first to describe T. basicola ^ a parasite of tobacco 
wheirhe reported it from Italy in 1897? There is^ondderable evidence, 
h<pvever, that this disease had^occurred upon tobacco in Ameiica many 
decades prior to tlmt time? although it was not recognized as a disease. 
When Jones, accormng to Tatham ^^4), as early as 1724, wrote ^^th 
r^eference^ agriculture in Virginia — 9 ^ ^ 

when l®Jid is tired of ^bacco, it will bear ^dian o»fn or Englidi wheat or any oltier 
European grain or feed with wpnderfnl increase — 

he made a statement which" is being annu^y “rediscof ered” by hun- 
dreds of tobacco groweii, but which is an^ established principle with 
thousands of other growers;, It is no^ quite certain that parasitism 
explains the majority ofthe modem tobacco g^wers’ difficulties of the 
nature referred to above, and no hypothesis yet formulated will explain 


with^ual satisfaction the observations of the early Virginia planters. 

Antedating the first report of the parasitic origin^ the footiot by 13, 
years, Killebrew (77) in 1884 wrote: 

In some years the plants both in the seed bfed and after being set out are affected 
by a disease known fs the black-root. ’ ' The plants sp affected do not die, but after 
standing q||npar^vely stUl for & long time revive latff |n the seasto, but <£> not m^ce 
a good quality of tobacco. It is not known what ffitf regencies are producing this 
disease, nor ha^ythere been a renidly^disoo]||^d for it. By some it is believed to be 
the result of sowing ^d c^tinuodlly in bid beds. Seed beds in newly cleared 
ground are said td^e di^l^y face from it. ^ % 

There ca# be j^o dCiubt thit this Is the de^p^^ qf the rootrot, or 
blackrot, <^^bac^ <^u$^ bjf T, basicola, . This brief description of 
the disease i^giyea in fuS^ since it is probably not only the first authentic 
report bithe'cBsite^but also b^use it discribes commombehavior 
of iqfect^gplants,1U foUpi;^: 


after standing oompar^vely still for a long thn^revive in the season. 



Jcm^ pj AqricvUufal yw^vn, 

TlfeSfefcrvatwnrnij^ noted in infest^ soils^P^ it w^ 

wth the idfea of explaininf to a)n<hl^ partkniWW that "^ 
jation infllience ci ^^ronnmta| c6nditrans ii^n fee dij^^ 
begunini9i4. \ f . f ^ 

:€orauer ^5) in 1895 |^(fe^ some observations n^n the rootrot^on 
g^clamens, and OTicluded that heai^y manuring, too ^undant watering; 
ind^ioo high tetnpectores favored the attaj& by the pa^ite.i{ 
P^^n^2o), who j^t rq)orted the diseasi^dn in 1897, als6 

believed tiiat too much manur^ and water wer?^ controlling factors in 
prodadng flietii^bas^ * 

Campbell (5) believes excessive quifitity of liumus in the soil predis- 
pose tihe tobacco plant to an^ also that ^ acid condition of the 

bil W^ens the plant and predisposes it to disease. 

Buttalb (4), probabl/follcwing the I^^d?of other European authors,* 
ilso writes tot the disease bn tobacco is favored by abundant organic 
ma^r, excessive hugiidity, knd high tempera^res. 

B^*ncasa (i)^ndudes^hat in some years the disease appears pnty 
slightly or not at all, and states that, its development is favored by too 
much organic mattlr> dStcessive watering, and generally da^p weaker. 
Benincasaj'at about this time, began to ^udy tfcie /elation of moisture 
ind different kinds of soils to the development of the disease. He con- 
duded at this time that porous soils give the best r&Its and in 1911 
b^^^ssed th^||ubject inibiore detail;^ ■ ^ 

^JlJ^^nti-iUtatnare (< 5 ) concluded that th#disease could be^checked 
by limiting to ai^gunt of watering ^nd by not redudng too greatly the 
light and air su^y of the seed beds. He a]^ advises i^ainst sowing 
the seed too thimy. " % # ’ 5^ 

Galloway (11] pp. 4-1^8) reporting on the w^t of violets, 4^used by 
r . basicda, advis^ gainst the i#e of ^^ying Vegetable matter in*the 
propagating beds. His Element that — ^ 

plants affeded make a ^od ^wth in stimmef and ^ow no evidence of trc^lble 
imtit Septeml)qc qjr Octj^er^ %hett they wilt wilt more or during the and 
piveatm^t. , ^ . ^'r .v . . . 

is especially pertinent tb the investigations in this pape^ 

Clinton and Jenkhw (9) suggest that excessive fertilisation, soil reac- 
[ion,^nd soil moiture, the |atter in particular, may be ixppmr^t sec- 
bdary fagtots detcrmiAig the extent of- the injury by T. hasicola. 
They also state that the cold, wetHeat^of early ^gpringlhelps along 
the troubife ih the* seed beds, particulatty when toy ar^ot prop^Iy 

^ H ■ 

" Glmt (4 (^) is^u^ coiiyincerf libit to character ^ seascm, 
especially the moistu^ and^b^sijly iiiuisuall||^h3 w# sprii^ vgieather, 
and the character of the soil an^ subsoit— fintoss, bability^ be<»me 
pter-soaBe4, toinage, am^t M huirt* shape of 

have mu(di to \^h det€rmining%vheriicr or r^t ^e fungus 
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Ifbeslnticfi dainag«^ No defiidte ^xperimea^ data however, 

in y^igpii of ^les^view^ ‘'The follow&g^year (i9o8)yn)ul|is^d to 
have reduced in|ury^ue to the <$sease. ^ ^ ^ ^ 

0 ) reported, evidence obt^ed from Connecticut soils 
thi^ the fuUgif!^ at|acks are most severe ot&ods nfede alkal^ by lar|fe 
' ap^ications of lime, ashes, pr fertilize containing carbonate of potasl%^ 
and that the alliRline condition in i^ested soils should be corrected by 
the use of add order to obviati tbe damage by 7; hasicoh, 

Thi^advice was recei^d favorably by both^racticalgr^ers and sci- 
entists, and many recommendati^ Were ba^ upon 
Gilbert (12) condndes thaf an abundance of humus^, a con^derable 
percentage 0# clay, high fertilization eithd.ii^th chemicals or mafiure^ 
(expedally nitrogenous fertilizers), exCess^e ^ter, and high tem^ra*- 
tures favor the disease^^ IiKan,eXperin^dt to determine the mfluence 
of the amount lof watering he found that exc^dve water i^reased the 
. disease, although 62 jper cent of the i^ants in the sgantily watered beds 
were diseased. He also cAnpared the yield as a result of transplanting 
diseas^ and h^thy plants in th^eld, using a “Havana Broadleaf^ 
varie*ty. He^ribiumed as good yield frdm th%4iseasedf»!ante asfrtnn the 
healthy ones. ' „ . . 

Whetzef^and Os^er (27X recommended acidrphosphate fertilization for 
the control of T. hasicda which fiber-rot on ginseng, ^ » 

Beninopa (2) reporting on r^ults obtained in conjfaring 
“soils” fdr growing tobadco plants, reconaanends sand ot 
a volcanic ash for^his favorable conditions for disease 

' are said to be aib^t in these He also states tha| T, ll^ic^a is % weak 
parasite under certam conditions. , t # ^ ^ ^ ^ 

Martina^Ii J^i8)y however, reported that he. obt^ed. T. hasicda- 
front beds where was u^^fnfebtion probably Ka^nrig come from 

soil. 


Mifesee ,(j9) conclude^ that ^ hasicda not infect host%lants in 
pure ^nd, since the^i^ungus is able to inf^t oaly^u <h^j)resence of 
organic giatter which will pjpnnit the mycelium to ixist for soipe ti& 
as a saprophytii’ ^ ' • ' 

Chittenden (7) had difSculty, in oblaimng infection with T. hasicola 
until overw^erijfe of the soil was practiced. ^ 4 

!l|osenl5aum’ (22) believes t&t such extemaf 'Con<^tions as ex«ssive 
water, o| aeration, and heavy n^uring favor infection. 

R#ddk^ (2j) iiptpted unlbtisfaq^ry ^ults foi the’ e^trol of 
ThieiaviU of vlblets ^difyi^>the sdfi withlh:id ohosphat^ as recoiu- 
ipended by Brig|lb. ^able lU^ure apparently did^ot' act dekteriPUsfy 
bn infes^ |oif. Tber ^pg^ents were not iia^edTar enough, however, 
to be &Srely con^usiver^ ^ » 

^ The present ^tbr {J4)t as g result observatiom^alp "belfeved^^ . 

spihmmstUre to>be the n|^ eontroUing factor iitdetermin|lg we severity 
of the disease. . v. - 
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' ^^NSTDERATION of FACTOES^NCERl^D 

It is e^adentlt the outset that any attempt at a sep^r^ analy^ of ^ 
each factor concerned in disesfes^ is pradScally itnposstbl& 

ly^ryitig one single^actp^tf the environment td the 
variability in all oth^ is an ideal to be kept in iSind'm expetii^ntal 
work of the nature to be described. Failure to reacl^this i^a|, in prac- 
tice, however, ne^*not.n^fccessa|^y reduce the value bf the result, pro- 
vided the of other ^priabj^ on such a residt is properly considered. 

llu^^tjin of a complication o| factors of tWs sort, there may be 
cited ;^e maintenance of two pots Sf sgil at two differ^t temperatures, 
say 30® and 10® C, respactiidy, in order to compare |h^8pegs of these 
t^^eratures on the occurrence of T. bdsicolfi on the toots of tobacco. 
By means of proper controls in uninfested soil the influence of mai|y 
factors involved may be elimldated, but it does not seer^posdble to sepa- 
rate dearly the factor of ^oil t^perature from that of SiH moisture. 
The soH and plants at 30®^ will require several times a^ ofuch water as ydll 
*the soil and plants at 10® because of the increased evaporation and tr^s- 
piration' at thtfdiigher temperature, ^he correct rqpls^ment of this 
wafer for maintaining like moisture rdatipp for the 4 iost and parasite is 
uncertain no|natter how frequently and carefully it may badbne either ; 
by weiglit or by 'the use of an autoririi^ator. If, however, the moisture 
idAons have‘previously been studied and the range of the efects.to be 
l^ecUd frctth this factor ar^ known, it may be po^ble to carry on 
soil-temperature studies with only moderate attetftion to the moisture 
rdations. ^ 

|A study bf the factors i^oncemed in the developmeiit of the Thielavia 
^ootrot has served to bring out clearly the fac^ that all the^actoi^ con- 
cerned are inse^raSly connected wthlone another, ancfthat the amount 
of (fisease occurring is the product of a number of plus and minus factors, 
but thalt nevertheless, in an analyliijal^tudy o| this nature, it is foible 
tb arrive a|the re^tiye importancet)f these various influences. 

* It is important j furthermore, that noti;Only the true environmental 
factors be taken into account, but also that such inherits^le factors as the 
* rddtiVe degree of Susceptibility of the host plants used and the virulence 
ofOie parade concerned receive proper consideration. Lj addition, the 
amount of infectibu and the of its occurrence may greatly modify 
the results bpth as regards the readiness 'Mth which the host may become 

infecte^Jarnkthe^eff*^^ ** Iir\rk« rriAaciiratilA cmfld'Miilf 

of disease;’ 


The purely envjiomnental conditions to which the re<^spf the host fr 
-the parasite harbor by the soil are subject^ &ay be conveni^i^y con- 
adejed under the following st^jects: (t) Amount of Inf^tation present ; 
(2)petcent£^of moistucaii^tempeiutti^ U) soil reaction; f.sl physical 
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stnictuf^f the soih 4 nciuding the relat^e sunount, the state Qf the \e!g0 
table mauer, a^tiie size of the mineral pfRides; (6) available chemical 
fertility; ^ state of culSvaticm as regards compactn& and aeration. 

To the soil pbysici^, chemist^ and bfologist it will appear t^at th^ 
enb^ scope of soil science may be concerned ki the production of disea^ 
in the roots of plants, and such seems to be the case. On consulting foe 
branches of soil sdence it is at the same time both encouraging and dis< 
couraging to find m^y of these factors iriflu^ced by^amumber other 
interrelated factors under normal condltiomt For instance, sOil tem- 
perature;^ such can not be thought of without also'^jcofi^dering^ the 
inffliences of the air temperature^ specific heat, moUkure i^ntent, e^tposure, 
and colos of* the soil upon such temperature, ^th sofi moistu^ it 
becomes essential to regard moisture^holding capadties, rainfall, drain- 
age, cult^tion, humidity, and temperature; or^, in the chse of soil fer- 
tility, to c^nsidlr along with the natural fertility; its croppmg history, 
at^lied fertility, and Various other modifying^actors. 

'Wth these thingis in mind, however, it has become increasittgl/possible 
to account for, if not to expkin^uUy, seeming contradictions and lack of 
^cord with established principtes of infection which tfaye come under 
the writer’s attentidh durin'g the past five years in the case of the rootrot 
of tobacco^ *The occurrence and economic iinportance of the^sease in 
one State and not in another, on< one farm and not on the neigh^ring 
farm, or on the hilltop in one field in theiow spots of another, as 
well as the to^ failure of a crop in a field one year followed a cam-, 
plete succ^ the following year, or' the change of crop prospects ^rom 
failure to 100 per cent yield within the period o^wo%i§^^ are all mdre 
or less subj^t to scientific intespietation fronl this viewi^int. ^ 

'^Sth respec^to ^ose factors, aside from cmvijonniental conditions 
whiA may influence experimenfld redhlts, it ^ould be sa 3 d that as far 
as evidence from literature, or as f£^ as the observation of the writer is 
con(»med, there is nothing to indite that specialized raaes S T. bast' 
cola occur, of that the fungus vati^ in any way in virulaice owing to 
differences in strain or age of cidtures. It may be shhl with conriderable 
certainty, theiAore, that we are dealing a relatively constant organ- 
ism as to pathogenicity. With resped^ to host different it has%een 
shown (jj, 14) that very decided d^erences in susceptibility ip'tost 
plants, and in varieties and ^trains of t^>acco ocqur. By using^ure 
-strains of seed experiMental error from this source may be*diminated. 
It sbooM be remembered, however, as wifi be shown in the data here 
presl!nt^, that because, of th^ differ&ices in*susoeptibility the crftical 
^poJhts inf disease occuronc^md severity may be shifted in one direction 


or and^r to some exten^ fad whifo tnf4^ it impJirtant^at the sus- 
ceptibility the vari^y used for experimental work be.tak^ into 
^«^unt in any ibterptetationDf results. 
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With diseKCS^Ih which fbe injury fi^ iw|p:tton ^coafin^ to rela^ 

' tivdy small locaksLieas ou^e host, il^s'to be espw^ted^tha^lftife amount 
of ^^oage 4pue is in soni^aei^re jpnii^rtiona^ the aumber o^nf^ctid 
occur. Altmgh it is evident that und^ the most favorable 
^n^tio|i5, T, basic(^a may* spread a considefable dis^^i^ over a ^gle 
root from one'k)!^ of infection, more commonly the dbeased portions 
aro<&iied tt#*^ of fropi i to 5 lim. In e%er <^'it is e^dent 
that ^ti^y few itdeetion^mny^ cause no apnredable stunting in 
^growth, whttU!^ larger number of infec^hs in pr^ortion tojdie aze of* 
rdot system^p^yi^roduc^ a rapid <ieck m growth, owing iarg^ to 
till mechamcal redqction of the feeding area, and possibly also in some 
d^ree id the formation by the fun^s of toxic ^substances injudote |p 
normal metabolism, fhe latter possibility appears not to holcfj' however, 
since the host is rarefy killed by the parasite. Iikfact, the ^iant^ppears 
\o a gHtniilgs toward the fopnation of n^ roofi to roplace those 

lost by dise^, ai^ in many instamces the youngelt Jeayes of infected 
pl^ts ppssess ^ peeper green color thap he^dthy plants. The new ro^ 
ar^ at a greater disadvantage than the original ones, if they ate formed 
at or new the region ofdisea^, since frequently they are ^ligcd to pass 
ibrough^maM local areas of high infestation before reachit^ the deeper 
; layofs 01 soil. 


wbieh IS being cropped to a highly susceptible host This is illustrated 
.in tiie practice fiftetilin tobacco-growing arew of growing only one or 
two cmps of tobacco and then laying v^e land aside for o^er crops fpr 
arlong time. That this practice has been cMpiric^y d|veloped, hx the 
Barley section at least, as a resdlt^f rwtrdt, seeips unquestionable, 
in view of some unpublished re^ts obtained in that section during 
the last th^ yeals. # ^ 

The influence o£|pie amount of infestation on the amount of disease * 
might fce^llt^rat^ in a number of way^i^ The amplest method appeared 
^to the mixing of^vatyiii^quantities of infested and* unjnfested soil 
an*tiansplatajtmg mto ttus mixture a susceptible variety of tobacco. 
Th^^piJ|^ected"for this purpose was tpe old tobacco field on thi 
StaK>n%|&%t Madison, on w&h tol^co had been grown continu-- 
ously for^to^ 12 years, together w|th soil of thelsame type from a neigh- 
boring plot Seated not moi^ than 2 rods away, but never Jia^g been 
used Mr gro^^lg tobacco. The fertility Ibf two soils fiatuimiy ^ould 

not be the same, J)ut the soil f^m ^dxbaa^^elS becaus^ of h^vy 
applica^n#of fertilizers was^he'^ip^^ertileof the two from a^chemi- 
’^“'^“‘lint. *The soils, afier havin^been tSorougWy^mened, were 


it and mixed ipthe pfdportMahown in Ts&e L JVo sepa^ 
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mte ex^riffl^ts of iim were ca^cied o\a. In a tbiid ^ 

ipent^ to soil used fer mjjdng thM 

uxit^l»Pe8litob&cco soiNn toe ^;i^e way as before. ^ A gradual falling ctf 
|n|fii?Wto^will|^ n^ted wito^ toe increase of amount of ipf^ted soil 
(li I, I). In the casexcf No. 4, id exp^ment 3, the lovmd^}deld^ 
compdf^ wi|^ itdested 8^1 is no doubt d^ to the fiequeatly ot||ef^i; 4 d 
4act thali^rei^estedsterilized soil fa'viors the growth^of^ungi ai^ oonse* 
qtl|^tly toe puream devdof^Hent ^ in topsoil. ^In a%ibrture 

^ three-fourth infested and o^-louilti steai^ed soil t& balam^ of 
infestation and cMditiona ^^|»^rently was. such as^to cause gtea^^ 
fnfection tfa^ in ^-infesled toil. 


TaBLS Ir 

■ ' 


-Injluence of amount of infesMion ^ soithy Th^lavia haskola on ikt yield 
of tobacco ^ 


Po^ 

No. 


• •, 

2. . . 
3-- 

4.. 

S'' 


mature. 


lnfc»it«d.^ 


None 

One-fourth .- . . 
One-hal^.^.... 
Three-fourths. 
All., 


All.. 

Three-fptuths . 
One-half. . . . . . 

Oae-fourth — 
None. 




Average air^ry wdLght of duplicates. '' 


ExpecJ- 

nunti. 


% 3-^5 
1.65 
' " I. 40 
r . 70 


Experi- ^ 


Gmi! 

5- 37 
3.66 
2-73 
■ifc 3. 64 
I. ^ 


' .Erperi- 
imeatj." 


Gm. 

/6.93 

, 4-20 

2 . 6 $ 
».5i 


B Steam-^eril 
due to steamed s 


iliie^^oU wasusedasuniulested sotlinnap^rimeat 3. The low yielin||fepot 
d itii%ed soil favonng disease uastcamed^es!^ soil. ~ ^ 

The results obtained in Table 1 ^-considered to be due only to the 
fact that more spores ^st per imt St s^il in^lfe fiiglier proportion 
infested soU, add tocr^re toe roots are mote ^likely to c(«^ in contact 
with h^ectihg mat(Mal.'^his has important upon 

results obtaine^M^ a s#tiy pf en?idr9n&iehtallonditr6ns,^^^Ho^ver, 
any deleterious or beneficial act^ to which th% pi^asife is subjected 
yprply reduce or u|prease t|^e amount df mf^ta^fen, the results 
will ^ proportional in som# measure to the antount|^ infestation presdit. 

IIII»LXACE OF MOISTURE ^^N^ENF OF S(ftv ' 


. A review of the Uterature i^cerning factors it^i^c^ the severity’ 
^ of^ the rootrot of tobacco^howa that soil water has feen j^pidei^ the 
primary Ihnitinf factor by ^lActicaUy ^1 ‘observeiis-^imd ^^ptigaTOr^ of 
this disease. Most ofthe conclusii^s drawn in regarf td%h%, howeW, 
Save based on obsen^ations in the greenhouse plmit bcll^jf 
Where artificial w^terktg is reso/ted to and wher#it is rel^uvely wmnmn 
ir m^y fiistancJ t^verwate^ th^il. A stody pfethe chsea^un^ 
field conifitierfis vdth ref^ce Jo ml^tu^ thougfi equally Indite ^d 
iBcoiScliisive to the number^Etf yanaWc^aetbrs, 

.jtnte convinifing that an oveis^ply (f moisture is not necessary 4qr1iiavy 
inftotion and by tiie ^rasitj 

10S122“-~10-t2 i J l-‘ 
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In 0x6^ to get mor%accura1^ evidence on t^ influence Ol soil ibioisture, < 
a sene# of pot experiments,* with the su^jl^ cotitiioU as ^ 

NsJos^ as possible by^wei^t, were carried out. 

Severn! difficulties, not readily oveicomif exist in sucl%an cpperiffient^ 
pimci^b^one being that it is practically impossible to a 

unifoi^ mbisture content thipugbout the soil. No douM ttetise of 
Livin^ton auto 4 rri^tors would have made possible more lesults^i^ 

buUtheft were not ^ailable at the time. ^ Two-gallA crockSi |>eifon ^4 
at the base ror dramage and hiding |bout lo kgm* of !li^,:twere ii4d. 
The naturally infested soil from the old Jbbacco ffi^d on the Stadon 
I^lnn waj^tised. After a large quantity%f this s<ffi hi^ bei dried^ 
thoroughly mixed, and screened, its moisture content and Sifeter-holding 
capacity were determiSfed in the ordinary manner. Ten kgm^ of theso^ 
were then placed^in each of twenty 2-gaIlon crocks. The soU In 8 jof 
"these crocks was sterilized by steam at about loo^ ^ for the purffe^ of 
9cSti05^g all the T* basicola presait in order to provltle disease>ftee 
^contio^ in, the experiments. The water relat^ms, as well as the food 
^relations, W|re, of course, changed in* some degreelby the si^erilization, 
and- an nbsolute cohipadson between the sterilized and infested series 
therefore not permissible, although it is believed that the results 


are not altered appredably by this fact. 

. ^he crocks of soil were then dmded into tour series, ea^i containing 
three infested^d two uninfested crocks of soil, Two glass tubes, )4 inch 
in diameter, oR being inserted to a d€^|h of 2 inches and the other to a 
depth of 6 inches, were placed in ea^crock for the "purpose of permii^ting 
nfore uniform distribution of water in the soil. ® ^Of the four series, one 
was now made up to one-fourdi its full water-holding^ capacity, and the 
others to on^hali, tl^ifee-ftuirths, and full waty-h^ l^ing capacity.* After 
water had b^ allowed to distribute itself fiirly eVeoly, one plant 
cl the White Burl^ variety grown in^sterilizld soil was ttaiwplanted to 
each of 2o*crocks. The loss of moisture from the crocks was ver^sbw 
[ when the pl^ts were small, espeda^y durir^ the winter in the green- 
house. U^aliy it wH not necessary to make the pots^ to the required 
wdghte ofteneFthan cSbe evq| three days» but lateflfi the tests daily 
atteurion was^sually neceSary, In an ^periment b^n on February 
13, 1917, \rith tlre'^ite Burley variety, ifwai noted at the ead of one # 
week that la^elnf^ted senes the plants*at;pne-fourth s^tura^on wilted 
during day^'oi high\ranspiratioi^^d showed the poorest growth. The 
gants at three-fourths saturation g<#the best start, while ^ose at full , 
^turatioii we»e.:alr»djj yellowing and apparently diiasfwi, si^e no , • 
such condition was obsdved in ^the sterile controk On March j th<^ 

conditions we^e ab#ut the same m rela^vefgrowtl^ex^t t^^^^ 

^condition of the ^^^ts at full; satij^tion in infe^^^|soil was graafly 
incr^sed, and the cohtro^ i^stenlui^ soils were how banning to for^ 
r^dly ^ead of tho^ in invested #il. On March 14 It seemed qmte j 
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^ evMen^ ftat in uninfest^ soil the op|||im|n moisture content oLthis soif 
" type for the groT^th of tobAoc^ lay dose to three-fo^hs satur^fen and 
^ saturation was more favoraWe than the one-hajf and one-fourti^ 
satuiption,^ Al^ough still no great diff^ences e:^sted between the 
infg^ OJMi uninfested soils at <pe-fourth|^e-half, and thfee^iairths 
sa|lratio4 the plante in uninfested soU at full s^uration were adoni 
|p times ^l^e as%ose in the infested soil at the same saturation. 

data tahen the growth of ^e plantain these experiments ate 
reodrd^ fo| the most part as the total leaf^area of each plant taken at 
i^tirvals of about one week. Th^ determinations were m^e by plac- 
ing the ftayes oyer a s^dard*leaf-area chart on which areas for varyii^ 
sizes and shapMof leaves bad been previously determined with a plahi- 
m^ter. These areas, expressed in scpiare inches, were determined at the 
end of this ex^riment, on March 28, and are given under experiment 2, 
Table 41* I'he results appear to justify the condusipn that a fsdrly 
constant ratio adsts betweei^he growth on infested and uninfested soil 
at the three lower saturations. This ratio is approximate!]^ i to 3^. 
On the so^at full saturatbn^ however, the ratio of growtl^n infested 
spil^tQ that @if iminfested soil is about 1 to 40. Tiie evident from 
t^is^ experiment therefore shows that a very consider^k amount of 
disease can occur in a relatively very dry soil and that it does ribt appear 
to be pibportionately increased in a,|^tivliy moist soil, but that a wet 
or saturated soil, which still permits a good growth qi tobacco when 
uninfested, causes ^ rapid d^reas^in yield wh^ infested wflh T. ha^ico^. 

TablR '®. — Influence of ike moisture content of the soil on the amouyit of iohac^ roo^ot 

‘ ... - » % ' ^ 


Saturation. 

IV Apprcxzi- 
Imate pir* 

Bsperiment 2: Average 
leaf aiea (squaie inches). 

* , 

BKperimetit4: Average 
air-dr^ weight (gm,). 

cental^ 

mcisture. 

Uninfested 

soiL 

Infested 
-! soiL 

* 

Unhifested 

soil. 

Infested 
soil. ^ 

Qn&fa^ith 

• 7-7 

34 

9 

' 

♦ a. 0 

I.S 

One-half. .. 

, 15 - 5 " 

81 

92 

9.8 

4 - 5 

Three-fourths. / 

1 » 3-3 

» 301 

. 80 

, ■■14 

S -4 

Full 

310 
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^ In a foll^ing experiment^ which was conducted on the same sodtin 
the greenhouse, the abo^ rt^lts were practically duplic^ed so that 
the data wil^ot be presented here.^ A*third experiment Was conducted 
during the growing season kt a shfit^ out of doors, permitting atmos^i 
pheric ^atiolls mof^^eariy normal &an those eccuning in the gr^- 
honse during win;^ season^ The experi&ent was run in the swe 
manner le tl|^ forgoing one, erce^ that # change of soft was nacfe, 
another t^tch fioA tile |ame source was used ti^rder ^ avoid nematode 
i^ury. The crocks were set #> White iBurky on July 5. July 12 
HI the plants hav^ a good^tart excq# those alt on^fourth 






^e daytime owing m hek oV 
B^Julylli marked ^gna of h^vf^mfectioH (rf aS ti^ plants 
In the ix^&ted soils was^^wn by leduded j^wth and yeUowii^^ the 
lower leases; this .a(>nditk)n |(r^ most marked at "full isatiiration. The 
un^fl»ted soil s|^^,tbe" op1imuti|^wth a|^thre^fonit^ sat^- 
tion. pn August p the expq^ent dise^mi^> the pfants phdtoV 
graphel (PL i, Iwll)' and then cut and dried, rae B^^ry weighty 
: given in Table JI tinder e3^enment 4, ' ^ 

^^-Wh^e the results of this^ experiment as Shown by an-dty- weght in 
compariso^wit!) the leaf area given in experiment 2 do not e^or£ in 
,all detaibwith those of experiment 2 , they are believed t^gree m general 
in that the ^mtest amount of injuryTron/disease restated in the satu- 
rated so%. the ra^ of the yield cm ii4ested soil\o tha|6n uninfestj^d 
soil was again" Considerably greater than in the other c^bes. 

it is realized that further experimentil evidencf could be profithbly 
obtained as to the relation of moisture toi the disease. The difficulties 


already referred to, however, together wi^ complication of other factors 
such ^ tepperaj^re, and some of the more Obscure |aCTl^ such as 
aetntiol^and compactness erf the soil,ihave rather dhcouraged fu^er 
^%sts until nibiiih accurate technic can be devised. It is ceitn^, hpw^ 
ever, that T. basdcola has ^ wide range of action as regards actual 
perCenta^ of n^bture prft^t \he, sefil.* It has been found, for 
. instance, that ki water culture containing, a spore suspenISon, good 
iiection occurs on robts rfnd ^at it occur iu soil|^too dry to permit 
'anythh|g like nornial growth of tobacco. Whether there is a .direct 
In amount ^Ihf action and severity^ erff the disease with per- 
c^lkge inc^ase of moisture in the soil may not be exactly clear- from 
the data here presented. From* the majority ^of the data obtained, 
however, . softie of which is>ij<rf given here, it seen^ Mrly certmn that 
such (Mrect“ propoHibnality does not exist, j^but thaf^a fairly constanti 
rdatipn maiiitaine4m soils with tpoisture content ranging ftou| ^ose 
sufficient only fdb poor plant growti^to those approaching^ saturation, 
followed by a veipr ^pld in^^%of disease from this latter point up 
t5 full saturation. ' . . * ^ 

^At any rate it..may be said tlmt pporly drained infested 5oils whidi 
ar^ likely nb remain sariirated^rfor a peri^.of three or f(^ days, or 
.anyinfested loU kept nCar saturation for £p»^dd of days due to excessive 
rainfall will uhdoUbt^y sho^ fiigher infection than well j^raj^ed soils 
^r soi^ not affecteif % an e4bsriv% wet <easoi»^^ On the other hand 
It appears that, as a rule, soil moistute is not aniftiportpit controlling 
ffactpr in thi preva^nle & ipotrot erf tobaepL lU^tivel^^ or 
^ rSativIly season#, in lb far ^th^ affect soil mdist|U6 are 
j not especiaUy I^J^fea^cPSiDr to be relied Upon ^ Aiding the disease 
in check. ' the. car^ b«wi k^t upon 

t^ contipof the som in th^ark^s epc^rii^ts describe# 
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ii#tliis"^|iap^ with oth^ eavironindhtal conditidt^ The^S(]^ have 
beeif k^t as %ear!y as ^S^ble uniformly watered! ne^ upipcq^nctung;^ 
satuiatioii for any conMarabfc period of timer and’ never rdativ^^ 
dry,^ that it is no% believed that _^e results have been^vitiated by 
tbi^ fictqr, though admitte^th^ they tday have been respon^ble 
^for imny of the i^^iryilRy va^tions in results |^ays occuning In 
^^icperiments^f this sort, and which i# planned ^ overcome by mass 
of data rathei’ tffah 1^ the most carefm attentibn^to n single experiment 

irthe ldx>ve^gTOufid symptoms of the todtrCHt are considered, h is it 
On& r^^izd&lthat th^reduction of the water supply^is ptobably the 
m^t^dihpo^alit one, partly as a result of reduced food supply to th^ 
plant broufht abput by tl^ graduallsut effective depletion of the roof 
. ^stem. It la therefore usuallf^ quite impossible judge -from the 
above-ground tKrrtion of plants al^e as to whetfier lack of available soil 
mo%ure or lack of, roots or both^are responsible for a reduced yMd. 
I# is' only when growers obtain a grCatly reduced yield on land^^knc^ 
to be in a high state of Jeftility that they begin to ihispect otiier troubles* 
It is said wiSh ^nfiden«e, therefore, that fully uine-teqths ofithe dahiage 
b/lhe rootrot is’attri)uted by the growers either to a deficiency or to 
an exc^'of soil moisture. Sixteen moi^ure detennina^hs of the field 
plots (the same soil as used in the pot ptperiments) at about 3-day 
intervds between June 19 and At^ust' 6 in^he sununer of ^1917 showed 
a range iSoisture intent from 25.3 per cent on June 2^ to 16.2 per 
^nt on Augilst 2^ These .determinations showecrthat during the enthre 
season the moisture ccmtent was practically between the linut^f one- 
half to three-fourths Ihturation. Jn these plofe ft^hite Burle^ tobwo 
made no^growth whatever during this rime because of T. iasicola, aiid 
Connecticut Havana n^e only half a crop. It is clear that the moisture 
contend was not excessive for the best gpowth of tobacco,^ and yet the 
rparasit^ was aimiifet at its maximum of activity. 

INFLUENCE OF SOIL HeaCTION ON'ROpJROT ^ 

The reacfjin ^ the soil has been centered* to play a part in the 
severity of paraarem in practically ^ plant diseases having their ori^c 
in the' soil. The re^ns for tl^ &ther widespread culculatiohs |re 
perhaps m^iBfold. Amor^r^the'^lieshcheimcal agents a^ied to soil 
with the hope of checking pfcmt pests was Imib, and experiments, too 
numerous tf mention her^ have sinqe*been conducted with it inithe 
hope of^diecking t^nliseases and ms^t^ttacking^lants. Whe^e lim^ 
has proved eflScad^s, however, pathologists have egapsidered it bc^4 ^ 
influent^ as a sterih^g ifeenl against the parasite and asa neutralize] 
of soil acidity favoiablo to p^rasitifc actioil. The beneficial a^on oi 
lime to tb%growfli of giceA p&its and to l^terial aetiyity in soilsdias 
also no doubt served to stimulfete its life i%4)fiytogatholo^c£i problems 
^(fadi^tUgCffe to be g^ed j^y revie^feng the rathter ^ten^e 
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the'v^ltte of l^e la the control of niurysrotis p^nt parasite 


HiS&'boreifin 


■ upon the disease 


the \ 

^nctemed. ^Exp«fiinAts^m its Use have bmi tpo^ complete hi ration 
to the control df po^to^csd), cfabroot of cnidfers,*and nematodes, 
timed soils favor scab, whereas clubrfot and nenl^ode injury are much 
. reduced by its use*^ ,, ^ ^ ^ ^ , 

With th#appe^n<^ of a paper by Briggs (5), base| on field dcperi- 
'^Iftents in Cotmecti(!Ut, a g|pat deal of interest wa^vived on the jnflu- 
elfce of soil reaction on plant diseases having ^eir ori^ in th^^oil. 
Briggs concSudc^ briefly that materi^s appHeyl^ to the so^\?hic^ tend^ 
ifp ^ke it alkaline in reaction favored l^ielavia-rootrotiof tobacco, 
whereas materials applied Which made^he soil acid reduced the disease. 
'‘TheraStual change in s^l reaction a^arently was not determined. 0|i 
tl^ basis of these results the use ^of acid fertilizers came to be recom- 
m^ded in^ both scientific and poptflar literature and the use of lime 
cautioned against. Considerable experimental work also was und#r- 
tak^ at various place# with this and other diseases, some of which 
apparently verified the results of Briggs, while Sthers showed no* favor- 
able results. Thus, the problem Ijas remained in a more or jess uncer- 
state. Clearly it is not obe which |s easily solved. Charing the 


reaction of the soil from acidity to ^alinity, and especially from alka- 
linity to "^ac^ity by the application of different ehemica^, is open to 
many difficulties not^learly analyzable. The problem of s(M reaction 
as influencing dise^ presents two aspects: First, to determine the actual' 
•ipfluenoe of the reict^n of the soil medium upqn |he disease; and second, 
to determine fei how far tliis influence may be utilized in ^practical 
manner by actually changing the reac^on of large areas of sojl to a 
sufficient degree to modify the severity of J:he disease. Th^ lattelpfob- 
■ lem IS complicated by a nufntit: of factors, the most evident of which is 
the naturally or normally attained reaction of the soil, since this must^ 
bave cpnsiderable bearing upo^thd%mount of acid-producing mateSall , 
which^must be applied to get the desired result. * Aside frepi the final 
influence of sudh treatment & the soil its^, in a system % economical 
and l^nflanent ^agriculture a more discouraging feature of the problem 
is|hat fipm the standpoint ot the di^ase, for, aS will be shown- mUny 
other factors must be taken into consideration, such as^he suscepti- 
bility of the variety of tobacco grown, fbe amount of infestation, and 
the temperature of |he soil. By var>'ing these factors ihaMcedly differ- 
ent results may be ^ured on the influence of soil ruction in relation to 
disesee. ' ^ - 

.The fxpermmts carried out in the mvestigation^iuKut^ here were 
,of two kinds, jwt tests and field plot tes^. .Tl?4 fofmer were carried on 
for the Mist in the greenhouse during the winter sealhn and the 
latter on an. old heasrily inftst^ tobacco field on the Station farm at 
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)T EXPERIMENTS 

As has already bee^i ^^ested, it is especially difficult to r^der an 
alkaline soil acid in varied degrees by the applicat^n of a theonefical 
quantity of ai^acid or salt. The alteration prodneed fn the soil by 
either treatment is^ely to alter it so fundam^tally that copiparison 
with Ibotfaer soil treated in a dissimilar manner tends to complicate the 
feufts to an tintiecessary degree. What seems to be a considerably 
better plan is to select a naturallyt highly ^id soh and ^o ch«ige its 
acidity to various degrees of alkalinity by me application of th% theo- 
retically cdhrect quantities of lime. Accordingly, this ^an was followed. 

* The soil selected 'ms a very acid Sparta sand from a field at 
Wis. A total acidity deterinination of this soil by the Tmog method (si) 
shoved that its linf^ requirement was 9.38 tons per acre. The^tr|ii^]^ 
pf acidity was found to be 108 on the basis of acetic add at 1,000. The 
after being finely screened was pt^ed into 2-gallon stonewafe croc^, 
paiorated at the base for drainage. Ten kgm. oPsoil were weighed into 
each of 36 crocks. These crocks were then divided into 9 sets of 4 crocks 
each.^ The calculated "quantity of predpftated calcium hydroxid of the 
highest purity was thoroughly incoyoral»d in the soil of eadi of the 4 
crocks^tin each series with a view to reducing the acidity to fairly defi^tpt^ 
degrees. In Table III are given the quantities of calcium hydroxid 
applied, together with the determinations bf total addity b^ the Tmog 
meftiod made several months later, when it was considered that the full 
effect of the treatment on the soil had^curred. 


TablU III . — Injtuence of soil reaction on develo^meAi of rooirot 
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Experiment I 

Experiment II 
(Connecticut 
Havana). 

Experiment III 
(Maryiapd 
BroadlefU).<x 
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^soil. 

Unin- 
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soil. 
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roots (infested soil se- 
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fested 

soiL 

Unin- 

i^ted 
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fested 

soiL 

Uniff 
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2 ^ 

3 ‘ • • 

4-- 

5 

6 
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8 
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' 0. 0 
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« Heavy infestation; 


T^.pots of each series were inoculated with pu«i enures of T. 
basicola,^aad young seedlings of theisusceptible Wiite Barley variety 
tra^pplanted into them. The first test of plant f|Ued, 
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owing,, ppbabTy in laige measure, to poor inf^tati(Hi; ,and#J^ second 
test vr^ n^ed by a heavy infection cftiamat^es.* All the soils were 
the^ ^t^nlized by steam, and twp of each s#ies again inoculated^is 
timf by {he appjcation equal quantities of chopped-up, air:4ned, 
%^vily infected roots which had been taken in the fall fr&n tobacco 
field. l%e poti^we.re again set to young seedlings of White Burle3!^from 
.^steamed soils. The infestation now proved to ]be good* but complica^ 
tions ^ose in* the Iqned end *especiall3?|^ dT?dn| either to the influence pf 
fhe liije iits^ or to the sfiferili^tion alone 6r more likely to the two 
combined. ' It sfems most probable that the lime was concerned in 
rending the phosphates |inavailable to the plants^but,as was expected, 
^ this Sjury was probably not a factor, in th e following expirimen t. How- 
thk test, which has been des%nated as experii^nt I, in Table, III, 

some fairly striking results in the infested series.^ 
ifelt wasl^ evident during the early%rowth of the plants that those in 
the infested soil of haghest acidity were making considerably better 
growth than those at the alkaline end. It also appeared^ early th^t the 
line of demarcation between heavy infection and^ reduced infection in 
this series i<did not lie near th^ point bf neutrality but well info the add 
end and so the soil requirii^ 4.6 tons of lime per acre^ was as productive 
of ai||^ as any at the alkaline end. Growth of all the plants was 
sIow;Us tl^ soil was not ve^^ fertile and the light poor. The plants, 
therefore, were harvested when still relatively far removed from ^he 
blossoming ^ge. Thiy ^ere dried at about 80° G. for several days, 
^d then allowed to come to air-^ weight. The data give^ under ex- 
pJdrftept I; Table fcl, sufficiently illustrates the results obtmnec^ The 
roots were* carefully removed and examined for lesioni of the- disease,, 
and, ^ was^expected, these w^ere correlated with the growth of the pfentfe. 
In the soil requiring 9.38 tons lime per acre only almost careful search 
revealed any T. hasicOla at all. ^^xt lowest series (7.19 tons, per 

^re), although considerable (fisease wa^ present, plainly its development 
was markedly checked, where^ m all fhe series below this practically 
no uninfected poi^ions of root&existed. 

The crocks were^now "replaqted wh;h Copnectffcut Havana tobacco, a 
semi- resistant tyjle. These wei^^llowed to grow |or abAit 50 days be- 
fore bein^arvc^ed; The air-^ wdfhts are given under experiment 
II in IS^bie IR. It will be noted tb|t the soil at the alkaline end pmc- 
•tically recovered from the injurious properties previously described in 
^ series. Id the infested series it may be noted that th| point 

of effectivene^ of the acid reactimi in reducing the disease shifted 
somewhat?*^owei^ degree of acidity, undoul&tedly due to the -greater re- 
sistance of^thW mriety^^(Pl. 4, I-II).^ Bor some^ unexplainable reason 
the plant ii^n^^f the cf series 5 and also one in series ,7 failed, to 
become as ^loiKly^infected as ti]^>se in the neighboring pots. |.The in- 
crease y^ds'%t seri^ .s and 7. however, ^re not considered as int^r-^ 
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fering with*the general conclusions to be drawn from the ex^riment, 
and the writers have again shown that tl^ highest acidity practically 
elimkiated damage from rootrot, but that heavy infection still ocQurre^ 
ill fairly acid soil. ^ 

It was believed that the abnormal behavior of the two soils in series 
5 and 7 might be due to reduced infestation. All the crocks, therefore, 
were resterilized and the two of each serie^ reinfested with loo cc. of a 
fairly heavy suspension of endo^n^a of T, in water. ‘ This 

was thoroughly incorporated throughout the 10 kgrn. of soil of eactf 
crock. Maryland Broadleaf tobacco, a variety almost as susceptible as 
White Burley, '^as then transplanted into them soon after inoculation. 
The results of 65 c^ys of growth are shown in the air-dry weight under 
experim^t III in Table II L A heavy infestation apparently, reduced 
the efficacy of the acid soils to nothing, at least in the pfesence of a 
susceptible variety. The disease appeared, in fact, more virulent in 
the most acid soil. 

Th# soils were now again replanted to Connecticut Havana, the semi- 
resistant type. The actual amount of infestation was also probably 
somewhat^ reduced,^ as many of the spores origin^y introcjuced mi^st 
have spent themselves, although it is probable that the fungus was liv- 
ing in the soil as a saprophyte. Results similar to those obtained in 
experiment I were now secured, indicating that partial recovery from 
infestation had occurred in series i and 2. 

The question arises as to just^what effect soil reaction has upon the 
occurrence pf the disease. High acidity may increase the resistat^e of 
the host plant; or it may , act deleteriously upon the germination * the 
gpores or the growth of the parasite. If we assume that ^idity in- 
creases the acidity of the cell sap and, hence, the resistance to disease, 
as suggest |4 by Comes (jo) for pereal diseases, we have^ working hy- 
pothesis which is, however, difficult to establish definitely. It has been 
shown that T. basicola (as do most fungi) grows best on ai^cid medium 
(about 1 per cent). , Water extracts 6f the soils from the various series 
were made which represented approximately the concentration of the 
soil solutions. iGermination tests of endpectnidia in th#e extracts showed 
better germination in the acid end than in the alkaline^end. ,^he/ soil 
extracts tubed with agar showed better growth of T. hasieda at the 
acid than at the alkaline end. Although the acidity from the higher 
acid series was su^h as would not permit the growth of bacteria, yet 
tests of this nature probably fall short of resembling the actual acidity 
in the soil. The results in experiment III show, of course, that spore 
germination and ftSigus growth are not completely inhibited by an 
acidity requiring 9 to id tons of lime per acre. The writer is inctoed to 
believe, however, rimt the beneficial action of soil acidity 411 reducing 
infection^y T. basicola is due to a gradual depressing effect upon the 
fungus. ^ 

108122*’— 19 3 
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FIELD experiments WITH SOIL REACiTlON 

The field plots were located^n the Experiment Station farm at Madison 
op a tobacco field which had grown *10 and possibly 12 successive crops 
of tobacco, and on a neighboring field #hich had previously grown only 
I crop of tobacco. The infested field had for three or four years previous 
to this experiment shown itself to be heavily infested and would grow 
only half a crop of Connectilcut Havana tobacco, while White Burley 
^uld make no growth whatever oiithfe soil, especiafiy during relatively 
cool “growfng seasons. This soil had had heavy annual applications of 
barnyard manure and was in a good state of fertility as shown by com 
and cereals growing in adjacent plots. The soil reactionjit the beginning 
• of the experiments was practically neutral. 

A control field across the road on uninfested soil was started for a 
double purfJbse. In the first place it made it possible to check up the 
beneficial or injurious action of the fertilizer and lime applied, aside from 
infection from disease. In the second place it has been considered that, 
although the application of add fertilizer might not remedy the coridition 
in a badly infested field, it might serve to hold down the rate of infesta- 
ticp of new soil to a considerable degree. This soil Is equally^ as fertile 
as the infested field, but shows a slightly greater degree of natural acidity, 
being classed as slightly acid according to the Truog color chart. Since 
it was found in the pot experiments that a very considerable range of 
reaction was required to make any appreciable difference in amount of 
infection by T. hasicola, it was deddecj to use the more simple though 
fairlv accurate comparative test of Truog (26) with lead-ac|tate paper. 
Theteference to the degree of aridity, therefore, will be based on the 
standard color chart accompanying the description of this test. 

The plots used were one-fortieth acre in size. The applications were 
made in two dj|ferent amounts, a heavy app^ication and a Hgjit applica- 
tion, also referred to as a full application and a half application, respec- 
tively, The original plans of the experiment called for the use of alkaline 
fertilizers — that is, potassium carbonate, basic slag, and nitrate of soda, 
with equivalent amounts of sulphate of potash, arid phosphate, and sul- 
phate of ammoniaifbr the arid fertilizers. On account of the apparent 
impossibility of obtaining all of the alkaline fertilizers, it was decided 
to use the acid fertilizers and heavy applications of lime to produce the 
alkaline condition. The rates of applications, in pounds per acre, then, 
arenas follows : * 


Sulphate of ammonia 

Acid plots. 

Full amount. 

. . . . I, 200 

Hall amount. 
600 

Sulphate of |^tash 


1,200 

600 

Acid phosphate 


% 

2, 400 

X,200 

Slaked lime 

Alkaline plots. 

12,000 

^ 6,000 

Sulphate of ammonia . . . 


— *r, 200 

^600 

Sulphate of potash 

sit. . . 

— r, 200 

600 

^cid phosphate 


— 2, 400 

1, 200 
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The first application was made on June 18, 1917. The applications 
were made by hand, disked, and harrowed The lime was pre^dously 
allowed to slake in the field. Gonriibticut Havana tobacco was tftins- 
planted on all the plots on June 27. Acidity determinations made one 
month after the applications showed slightly increased acidity for the 
add plots and slightly decreased acidity for the alkaline plots. Determin- 
ations unfortunately were not made at the end of the season, but the 
tests for the following year served to indicate that, |lthough the changes 
were not great in degree, they were deddedly effective in bringing about 
a marked change in reaction between the alkaline and add plots. 

In the first year’s tests the acid plots in the infested soil showed up 
deddedly the poorest throughout most of the growing period, while the 
heavily limped plot was deddedly the best in the series. On the new field 
the fertilizers both with and without lime gave soihewhat better results 
than the controls. So far as can be judged by the results, the acid ferti- 
lizers were not injurious to the crop on this soil although it is possible, of 
course, that these materials might have had some direct injurious action 
on the tobacco in the case of the infested soil. Apparently, such a condi- 
tion did not occur on the uninfested soil, nor on the infested soil when 
the plots treated in the same manner were limed. ’ 

The plots were harvested and cured separately; the yield of cured 
leaves for 1917 are given in Table IV. 

* 

TabIvS IV. — Yield of tobacco on sotl with acid fertilizers, with and without lime, 




Application on Va acre. 


Yield of cured leaf on iV ai 
(poimds). 


Treatment. 

i 

Plot. 



1917. ' 


igiS. 




Acid fertilizers . » * 

[ rime. 

In- 

fested 

soil. 

Unin- 

fesled 

soil. 

j 

fested 
soil.® 1 

1 ! 

Unin- 

fested 

soil.® 

In- 

fest^ 

soilr 

Alkaline. , . . 

A... 

fSulphate of ammonia, 30 pounds 

' Sulphate of potash, 30 pounds 

{ Lbs. 
1 30a 

! 

38.5.] 

i ^ ' 

44 * S 

31*3 

34*0 

31-3 

Do 

B..« 

Acid pho^hate, 60 pounds 

dSulphate of ammonia, 15 pounds 

{Sulphate of potash, 15 pounds ... 

1 

1 150 

None. 





31.0 
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A. .. 

'Add phDSphat&3o pounds 

, None 



1 38. 5 

39-0 ' 

30.0 

38.0 

Do 

B... 

None 

None. 



36-0 

Add 

A... 

(Sulphate of ammonia, 30 txninds 

‘Sulphate of potash, 30 pounds 

iNoaie. 

! is-o 

44 * 5 

3 ®- 5 


30*5 

Do 

B... 

i Add phospliftte, 60 pounds 

1 1 Sulphate of ammonia, is pounds 

■ Sulphate of potash, 15 pounds 

Add phosphate, 30 pounds 

i 

f 

|None. 

... 

38*5 

39.3 

41 * S ^ 

41*5 



^*1917 series. These plots recriv<d a second application of same amounts in 1918 and had, thcreftire, t|^ 
Rsidual ^ect of the 1917 applic^ons. 


The results were suflBciently interesting to warrant repetition Hie fol- 
lowing season (1918) on a slightly increased scale^ AH the plots were’ 
again given an additiftial applicatkm, the same amounts as in 1917 being 
used. In the infested field ,sbc plots were added, these beii^ given 
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the saqje treatment as the others, essential difference being that these 
»did i|pt have the residual effftts of ^e previous season’s applications and 
would therefore be more directly comparable with the plots in 1917. 

The applications of lime” were made on May 2 1 and fertilizers applied 
on June 3’. On June 12 all the plots wei;^ planted to Connecticut* Havana 
tobacco. On June, 21 samples of soil were taken from each of the plots 
and'tested for reaction in the ordinary manner. 

In the infested sodithe control plots showed very slight acidity. Thh 
acid plot‘^*of last y^r (fidl amount) showed medium to strong acidity; 
the half -amount showed slight acidity. In the same way the plots 

y which had revived the acid fertilization for Jhe first time in 1918 showed 
nearly medium acidity for the full application and slight acidity for the 
half amount. None of the alkaline plots showed acidity and presumably 
were considerably below the neutral point, though this could not be 
►shown by the test used- On the uninfested plots the change in acidity 
due to the application of the fertilizers were not so marked, probably only 
a slight change having been produced. The limed plots, however, 
showed no signs of^d reaction. 

On June 18 it already appeared that on the full -limed plots the lime 
was acting injuriously upon the seedlings, both in the uninfested and in 
the infested soils. This may have been due in part to the fact that the 
lime was not well air slaked and was, hence, not thoroughly incorporated 
in the soil. The action of the lime was, therefore,, probably toxic and 
probably ^tiated tiie results, so far as lime was concerned, although the 
plants appeared to recover later in the season. The outstanding feature 
of the results in 1918 was again that the plots made acid -mth- heavy 
applications of f^illzers under field conditions were on the average little 
or no better than the untreated plot^ (Table IV) . In fact, the untreated 
plots of the 1917 ^series were consiJlerably better than the acid-treated 
pfots of 1917 or 1918, although the plots treated with acid fertilizers for 
the first time in 191^ were slightly better than their controls for this year. 
There is no question as to the extent of infection on this soil this season, 
since resistant and? susceptible ty^ planted at the same l^pie behaved 
in the expected inanner. In inte^retiiig the r^ults from the field plots 
it should be recognized that the tests are not exhaustive, and that on 
account of the complexity of the prpblem the conclusions drawn may not 
^pply under all coi^itions. Vor Wisconsin conditions, however, it ap- 
pears, that the application of acid fertilizers to soils, alkaline or neutral in 
reaction, will not reduce infection by T. hasicola. 

* ' t * 

^ SOIb temperature as "A FACTOR IN ROOTROT 

^ L review of the more important literature concerning the influence of 
soil temperature on dfeeas^ of plamts and the inipo|jjtance of such studies 
has been presented by Jones (16). With respect to the influence of 
thi& factor on infectiorfand severity of the 'rootrot of tobacco cau^ by 
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T, basicola practically nothing of a definite nature exists. Rathe? 
obscure statements that high temperatures favor the disease have been 
published by Gilbert (12), while, on the other hand, Clinton (8) states, 
that possibly unusually cold, wet spring weather has soiUething to do 
with determining whether or not the fungus does much damage. Gallo- 
way (ut P‘ ^74-^7^) found that in the greenhouse the disease was appar- 
ently more severe on viplets on the approach of fall than In summer, 
indicating a temperature relation. In Italy where very consideffeible 
observation has J)een made on the disease, it is .agreed that weather 
conditions have much to do with its occurrence and seVerity. That 
such was the case in Wisconsin was evident during the first season of 
observation. Th^ recovery of badly infected plants in large areas 
during the course of only twcN)r three weeks led to the desire to study 
in more detail the environmental conditions bringing this^ about. It 
was at first suspectecT that the moisture relations were the all-important 
factor; but in connection with its study, temperature rerords of the > 
soil under field conditions were takers beginning in the .Spring of 1915, 
and continued for the seasons of 1916, 1917, and 1918. 

In the fall of 1916, following some interesting resulte by Tisdale (25) 
on the influence of soil temperature on fiaxwilt (caused by Fusarium 
lini)j the writers, under the advice and support of Dr. L. R- Jones, 
undertook to have a large tank (PI. 2, I) constructed in which soil could 
be held fairly constant at several different temperatures. This tank 
has already been dascribed and illustrated in some detail by Jones (i< 5 ). 
Further detailed description of the mechanical part of the apparatus 
seems unnecessary, especially in view of the fact that improvements are 
being gradually made on these tanks which will no doubt necessitate 
further description of similar apparatus developed in t^e Department of 
Plant Pathology of the UniversitJI of Wisconsin. It should be said, 
however, that by means of proper insulation of the compartments it 
has been possible to idaintain a fairly constant temperature of water 
at- any selected temperatures between approximat^ely 5° and 40° C. 
This has been done by the inflow of cold water from the taps in the winter 
time and by heating the water to the higher temperatures ivith electric 
bulbs or with steam. The expose cf automatic temperature regulation 


in a large number of chambers has discouraged the use of such apparatus 
up to the present time, but personal attention and regulation two and 
three times every 24 hours, in combination with good insulation, has been 
found to give results sufficiently accurate for most needs. It was foiftid 
that although considerable ranges of temperature occurred at the 
extremes (below 15° and above SpJjFthe temperatures between 15° sffid 
30® could be held quite cons^tly within i degree. 

The soils used werq^ placed in i-gallon battery jars and set on boar(|s 
suspended in the water in the tanks. Four jars could be placed in each 
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water. Two jars in e^h compartment containing sterilized or uninfested 
soil were used as controls for plant growth alongside two jars containing 
infested soil. Naturally infested soil from the old tobacco field on the 
Station farm, previousl;^ refeited to, was used in most of the experi- 
ments. After being given a good application of well-rotted ^tnanure, 
the soil was thoroughly mixed and screened before weighing equal 
quantities Into the jars. The sterilized soil used in the earlier experi- 
raefts was sterilized by steam to destroy the infestation by T. hasicda. 
Considerable difficulty was experienced, however, as acesult of the toxic 
action of the heated soils on plant growth at the lower temperatures, 
which interfered to**some extent with the reliability and uniformity of 
the data obtained by leaf measurements. 

In later experiments the employment ^of soil steamed two or three 
weeks previous to being used and allowed to stand in a moist condition 
at a fairly high room temperature reduced this action to a minimum. 
In still other tests formalin-sterilized soil was used with equal success, 
and in the final experiment another uninfested soil was used and artificial 
iimoculation resorted to for the infested series. 

The data taken in the earlier experiments were mostly in the form of 
measurements of leaf area in square inches as determined by a standard 
chart of various leaf sizes whose areas had previously been determined by 
the use of a solar planimeter, In later experiments air-dry weight de- 
terminations of the stalks and leaves were made. 

The determination of the actual amount of disease on the roots is, of 
course, th? final criterion for judgment, and in th^ last experiments it was 
‘■found that with care the greater part of the roots could be washed out 
from the soil, examined for disease, dried, and weighed; these weights are 
closely correlate^ with growth aboveground, so that either the area of 
the leaves, weight of the leaves ancfttalks, or weight of the roots alone 
give a good index of the extent of the disease. A preliminary report of 
the results obtained has been given and an abstr^t published (i 5). 

Eight separate experiments have now been made upon the influence of 
soil teritperature on the extent of the root dikase, four determinations 
bdng made in the winter and spring of 1917, and four during the fall and 
winter of 1917-18. The first experin^ents were made over a range of 
about 35 C., but, as the^ were found to be beyond the ranges of normal 
growth and infection, the later experiments usually included a tempera- 
ture range of about 15°. Three of the experiments faileif more o| less 
to give uniform results; one due to nematode infection at the higher 
temperatures, another to to^.6 action of the heated soil, and a third to the 
accidental use of infected seedlings.*^ ^ 

The procedure in eacji' experiment conrikted merely in filling the re- 
qjnred number of jars with soil; one-half with tminfested and one-half 
with infested soil. Glass tubes 2X inches long, were inserted into each 
jar to permit watering of the soil at about half its total deQjth. After 
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being brought up to about three-fourths saturation, the jars were set in 
the tanks.at the different temperatures and allowed to remain there for 
three to five days to permit the necessary changes of temperature. One 
young seedling of tobacco, usually the susceptible White Burl^ variety, 
was then transplanted into each jar. Subsequent attention then con- 
sisted only in takit^ the temperature records twice a day, in maintaining 
the proper temperature, and in watering the plants as required. In the 
first experiments, when the temperature range was determined^ 12 
different soil temper8M:ures were run at cfne*time; but in the latter experi- 
ments, when a closer approximation of the criti^ temperature was 
necessary, only 6 or 7 temperatures were used. ^ 

Experiment I# — ^Twelve temperatures were used, ranging from 7° to 
40® C., and the' white burley variety was transplanted into the jars. 
The plants in the uninfested or sterilized soil series grew best at tempera- 
tures of 29° and 31°. Practically no growth occurred below 13°, and 
again there was poor growth at 40°. From a physiological standpoint it 
was interesting to note that a marked effect upon the shape of the plants 
occurred especially at the higher temperatures. While the plants grew 
low and stocky jwith broad but rather pointed leaves at the optimum 
temperatu^ for growth, the plants became tall and spindly, with short 
and rounded leaves at a temperature of about 36^ to 40®. 

, In the infested soils at temperatures above 26® the plant growth ap- 
peared to be almost as good as that in uninfested soil (PI. 2, 1 ). At the 
temperatures 23°, 2\°, 19°, and 17°, however, a very decided reduction in 
growth occurred as compared with the uninfested soils at the same tem- 
perature. 

Upon removal of the roots from the infested soil series it was found that 
those at temperatures between 23® and 17° were heavily attacked by T. 
hasicola and that slight infection occurred at 7°, while at 26° rel^ively 
few lesions occurred. 4rhe lesions were still less common at 29°, while at 
31° only one lesion could be found. At the higher^emperatures, 35° 
approximately 40°, no signs of Thidavia infection were found. 

Experiment II. — Ih tlSs experiment the temperature range M.s 9° to 
40° C. The toxic action of the heated soils at temperatures of 17° to 25° 
became quite marked early in th^ experiment, a^id no doubt affected the 
results. The total leaf area of each plant was determined at fout different 
times during the course of the experiment. The results lack uniformity, 
howler, bwing to the toxic action of the heated soils. The infested soils 
gave the best growth at 35®, with an aveiage of 251 square inches, as com- 
pared with 289 square inches for the steriUzed soil^at the same tempera- 
ture. The poorest growth was at 1 9°, where a leaf area of only . 1 9. 2 square 
inches was obtained in theanfested soil, as compared with 206.4 square 
inches in the sterilized ^oil. While the disease was quite marked a^t 24.5, , 
71 square inches on infested ^il as against 205 square inches on sterilized 
soil, decided indication of reduced severity again appeared at 26°, 169 
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squ'are inches in infested soU as against 203 square inches on sterile soil. 
Examinaaon of the roots in the infested series showed a relativdy reduced 
amount of infection at 9° and 13°, h^vy infection between 17° and 24.5“, 
much les#infection agatf at 26° and 29°, and no infection at 31°. 35°. 
and 40°. 

The results of Experiment II are in accord with the results of Exp€n- 
ment I, and apparently show in addition that the optimum tempemture 
for the disease lies around 19° and 21^] although, heavy infection still oc- 
curs as high as 24,5°. * ■ ^ ^ 

Experiment III —The same soil was used as in Experiments I and II. 
This soil was now ^ heavily infested with nematodes at the higher tem- 
peratures that the results with T. basicola were vitiated, and no data were 
taken. 

Experiment fV.— New soil from the same infested field, was used in 
this experiment, the proper care being taken to sterilize thoroughly the 
battery jars before filling them with soil. To reduce the harmful effect 
of the sterilized soils, the pots, after being filled, were allowed to stand 
mdst for a week at room temperature before being placed in the tanks. 
In this experiment only seven different temperatures were used, which 
permitted the use of four jars of infested soil and four control^ at each of 
five temperatures, but only two of each at the extremes. The final results 

* are* given in Table V. It may be again noted that the greatest amount 
of injury from disease occurred at the temperatures from 19® to 22“ C., less 

* occurred at 24° to 25°, while at 26® to 27® the injury was much reduced. 

TablS V. — Influence of soil temperature on development of rootroi 


Temperature. 

Average leaf area (in square inches) of duplicates. 

Experiment 111 . 

Experiment IV. 

Uninfested 

soil. 

! 

lasted 

soil. 

Uoiniested 

soil. 

Infested 

soiL 



f 

^ - 


I3-IS 

« 53-3 

28.5 

71.8 

41.7 

•15-17 

106. 7 

24.9 

87.4 

13.0 

19-20 4 

02o6. 4 

19. 2 

137-6 

95 

21-22 \ 

212.3 

26. 7 

304.2 ' 

21,4 

24-25- 

20^. I 

71. I 

43O' 9 

197.6 

i^6-27.^ 

* 202. 7 

168. 7 

306. 1 

280.4 

30-31 

256.4 

243. 6 

339 - 3 

327 . 1 
4 


Experiment V. — ^Jhis ex^riment was largely a failure, owing to the 
use of plants that apparently were slightly infected by T. basicola and 
also by nematodes. No plants from sterilized, sc^ were available at the 
time. iThe results were interesting, however, in That an examination of 
the roots show^ed that at the lower temperatures — |hat is, those favorable 
to infection — the heaviest infection occurred in the sterilized soil. This 
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is in line with the frequently observed fact that sterilized soil reinfcSted 
is a very favorable medium for the progress of disease. At 31° to 
32® C. a trace of infection was foun(fin the sterilized soil, but no infection 
occurred in the naturally infested soil. Nematode iniu ry was nipst serious 
at the higher temperatures. 

Experiment VI. — Six different t^peratures ranging between 17® 
and 32® C. were used. The best^^rowth of the controls in uninfested 
soil occurred at 31° to 32®, andHhe poorest at 17® to 18®. The best 
growth in the infested series was dso obtained from 31® to 32°, which 
was practically equal to that of the controls. Almost equally good 
growth occurred at 28° to 29®, but at lower temperatures the results 
w^ again unfortunately interfered with by the toxic action of sterilized 
soil, which, though it had been treated for the purpose of reduciw the 
toxi^y, had not apparently sufficiently reduced the toxicity. !^ami- 
nation of the roots, however, which were carefully washed out, yielded 
results in line with the previous experiments. 

Experiment VII. — In this experinjent the soil in the uninfested series 
was sterilized with a i to 50 formalin drench three weeks prior to its use, 
in order to avoid further interference by the toxic action of the steam- 
sterilized soils. Six temperatures ranging from 17° to 32° C. were again 
used. This experiment was begun on January 18, 1918, using the White 
l^urley variety in the same- soil as pre^ously used, and concluded on 
February 26. Marked differences in growth on the uninfested and 
infested soils were already noticeable on February 5; the plants in the* 
sterilized soil 20® to 21 ® and 23® to 24® were twice as large as those in the 
infested soil; whereas the plants in the infested and unhJested soil af 
31® to 32® were practically eqto in size. The final results are shown in 
"^Table VI A, ii^terms of air-dry^weight of the stalks, leaves, and roots in the 
infested and uninfested series, together with the amount of infection on 
the roots. It may be.seen that the best temperature for growth in this 
case was apparently 28° to 29° for the above-ground portions of the plant, 
but that ^e.be§t root development took place in the cooler soil at 23® to 
24®. In%ie infested soira gradual increase in growth from tlife lowest 
to the highest temperature is evident. (PI. 2, II-III.) Practically the 
same is true for root development. (PI. 2, IV.). 

Experiment VIII.^ — In this experiment an ordinary greenhouse soil 
jnixture, free from T. hasicola was used. No sterilization, therefore, 
was ji^sed; and infestation with T, hasicola was produced by thoroughly 
incorporating a heavy spore suspension of endoconidia of the fungus 
from young cultures on agar. The expeJJnent was now run as before, 
except that tl^ Connecticut Havana variety, wWch is relatively much 
more resistant to T. ha^jMa than the White Burley, was used. The 
young seedlings were* transplanted pn March 6, *1918. On March 17 
the plants in the inoculated pots already showed signs of heavy infec- 
tion at the lower temperatures. On days of high transpiration the 
ioei22“^9 4 
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plaKts in the inoculated series wilted first at from 22° to 23® C., but no 
wilting occurred at 31® to 32'’ or in the inoculated soil. On April 15 
the experiment was terminated, the%talks and roots were cut and dri^, 
and the roots washed 01^ as carefully as possible and dried. The air- 
dry weights are sho\^ in Table VI B. 


Tabi^B \l,-~Injluence of soil ^perature on Ike rootrot 0/ tobacco 
A. WHItK BURtBY VARIETY, NORMALLY INFESTED SOIL* 


Serin. 

Tempera* 

scdL 

Average air-dry weight per plant. 

Stalk and leaves. 

Roots. 

Unin- 
fested soil. 

Infested 

soil. 

Unin- 
Tested soil. 

Infested 

soil. 


“C. 

Gm. 

Gm. 

Gm. 

Gm. 

X 

17-18 

3 -fi 

0-35 

0.32 

0 03 

2 

20-21 

5*4 

I. 20 

. 66 

.07 

3 

23-24 

7-1 

I. 70 

.8g 

. 10 

4 

25-*26 

6.9 

2. 75 

-79 

• ^7 

5 

28-29 

7.16 

3 -^ 

.70 

. 16 

6 

31-32 

S ‘9 

5 ; 7 

-25 

. 28 


Amount <A infection in infested soil. 


Heavy; roots all black. 

Do. 

Not quite as heavy as in series 
I and 2. 

Considerable, but much less than 
in series 3. • 

Slight infection. 

No definite signs of disease. 


Bf CONNECTICUT HAVANA V^VRIETY, ARTIFICIALLY INFESTED SOm 


% 

I 

12-13 

8 

o- S 3 

Ol 26 

0. x6 1 

Heavy; very few white roots. 

2 

17-18 1 

A 7*9 

.^5 

■ 70 

-15 

Heavy; alwat same as in senes i. 

3 

22-23 

9.1 

1. 15 

1. 05 

- 19 

Heavy but less than in series i 






and 2. 

4 

26-27 

10. 6 

3 - 75 ' 

I- 13 

•3S 

Much less than in series 3. 

5 

6 

. 28-29 
51-32 

TO. 8 

10.5 ■ 

8. 10 
7. 20 

1. 13 ' 
. -75 

•9^ 

. 60 

Very slight. , 

No sign of inferaon. 


The largest yield of the above-ground portions of the plants in the 
uninoculated series occurred at 28° to 29®, but wa^ only slightly 
larger than at 26° to 27® or 31® to 32°. The largest roof develop- 
ment occurred at 26® to 27° and 28° to 29®, with a decided falling 
off at 31° to 32®. In the inoculated soil the largest yiel 3 of the above- 
ground parts was at 28*^ to 29®, with ^me falling off eU: 31° to 32®, 
though not due to infection. It should be noted here that tfie greater 
reduction in yield is at 17® .to 18®, the disease apparently less marked 
at 12® to 13® and at 22° to 23°. Practically this same relation 
holds for the roots^ This, l^ether with other experiments, seems to 
indicate with consideKible certainty that the amount infection and 
severity of the rootrot are most marked at temperatures ranging between 
17® to §3® C. At temperatures bejow about 15® the extent of the disease 
is reduced, but this temperature also is too low to permit any growth 
of tobacco,- and consequently is of little practical importance. On the 
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other hand, at temperatures of 26® and above, the amount of infection 
and the extent of Ae injury done are gradually reduced until at about 
30® no fippreciable injury results, and at at 3i|to 32® it is permissible 
to say that practicably no infection whatever occurs.' ^ 

The results having shown that the rootrot can be practically con- 
trolled by high soil temperatures, yvhich at the same time are favorable 
f<y the growth of tobacco, the question naturally arises as to how far 
a plant may recover from serious root infection, provided a change of 
soil temperature from one favorable to disease to one unfavorable to 
disease is brought about. Bight White Burley plants which had been 
planted to the infested tobacco field in June but which had made no 
appreciable growth during the entire season in the field were taken up 
late in September with their adhering soil and transplanted into the 
jars with the infested soil. Bour of these were thdi set in the tem- 
perature tanks at a low temperature (20® to 21°) and four at a high 
temperature (30® to 31®). After remaining at these temperatures for 
a month the roots were dug out as carefully as possible, and the results 
are illustrated in Plate 3. The plaftits had almost no roots when placed 
in the tank, and one must marvel at the wonderful peftistence of tobacco 
plants in maintaining themselves with an almost complete lack of root 
lystem. At the higher temperature, howe's^r, new roots were forced 
out through the blackened bases of the stalks and remained uniformly 
dean, white, and free from' disease. This experiment was repeated 
with even more striking results by moving jars with badly diseased 
plants from the low 'temperatures to the high temperatures in the t^ks. 
In the space of three or fouf days the pl^ts seemed to have mken 
on renewed vigor and growth. These experiments se^ to prove 
beyond doubt that similar conditions may happen in the field under 
practical conditions, and that the phenomena of recovery of a badly 
diseased crop, so frequently noted in the field within a short period of 
time, is no doubt due in large ineasure to natural changes in tempera- 
ture rdatJons of the soil. 

SOIL TEMPERATURES IN THE 

It now remains to ascertain how tar the^soil temperatures occurring 
under n(^^ conditions ^ the field may influence the^tual amount 
of infection and damage from rootrot. Jt is necessary, therefore, to ^ 
determine the actual soil tepiperatures occurring during the growing 
season in order that a knowledge fnay be%btained of the change occur- 
ring at different times in the same season and during differeijJ s^sons 
taken as a whole. Unfortunately not a great many reliable data upon 
soir temperatures for summer monjhs in various ^tions of the^untry 
exist. Such as do exist, however, may have a bearing upon future 
studies of the influence of «oil temperatures upon the occuirence of 
disease. It iih:o be expected that soil temperatures have a fairly <jpn- 
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stant correlatioif with air temperatures, and it is highly probable that 
a fairly constant ratio may be calculated which wiff^able the exten- 
sive data on air temj)eratures to 
be used in considering relations of 
soil temperatures to disease. 

The data taken in connection 
with the studies presented in this 
I paper were started in the spring of 
B 1915. For this purpose electrical 
resistance thermometerswereused. 
£ These were buried in the soil in 
^ tobacco fields at the Station farm 
'8 at depths of 2, 4, and 8 inches. 
® Some of the thermometers were 
§ buried in such a way that they 
•S would record the temperature of 
•£ soil becoming gradually shaded by 
“ ^the growing tobacco, while with 
I others the soil was exposed con- 
a. tinuously to th| full sunshine. 
B The latter temperatures are the.^ 
1 ones upon which conclusions were 
§ drawn, since in a badly infested 
g field shading of soil would be rela- 
I tively small, owing to the poor 
^ growth of the crop. On the other 
M hand , where very heavy infestation 
§ does not occur or a relativdy re- 
;;; sistant variety is used, the relative 
I importance of shading ’must be 
^ considered (fig. i). 
t The temperature readings were 
I taken with duplicate thermometem 
M % each day at i p. m. This hour 
I was selected as it was Che most con- 
I venient time of the "day to take 
^ 0 the readings. No great impor- 
tance, however, can be attached to 
the time of taking 'daily readings, 
on^ccount of the great daily varia-, 
tiou which occurs especially near 
ithe surface of the soil. It Would 
be most desirable to record the minimum and maximum tempera- 
ture ^ for each day, but in using electric^ therinometers this would 
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adings. Temperatufe readings tak& at 7 a. m. and 
^>ne week (July 6 to 13, 1916) showed that the tern- 


ilHiliili 


S i! 


liiiiiiisiis 


entail too many 
at I and 5 p. m. h 
perature was anywhere from i to 
5 degrees lower at 7 a. m. than at 
I p. m. and to average slightly 
higher at 5 p, m. than at i p. m., 
indicating that the maximum 
perhaps was reached at soihe 
time between i and 5 p. m., and 
on clear days at about 3 p. m. 

A recording soil thermdgtaph 
was also used at a depth of 4 
inches in 1 9 1 7 . F rom these rec- 
ords it may be noted that the 
highest temperature usually oc- 
curred about 4 ^. m. (fig. 2). 

A more important consider- 
ation, however, is the general 
rise or fall of temperature during 
extended periods of a week or 
more, or the general trend of the 
temperature for one season as 
compared with another. . 

In the northerly latitudes the 
growing period of tobacco, 
practically speaking, lies within 
the months June, July, and Au- # 
gust. Although much tobacco 
remains in the field during the 
month o? September, practically 
all tiie growth must be made be- 
fore that time. July undoubt- 
edly is the critical month in 
which most of the growth should 
be maniJesfed, although if 
growth is retarded until August, 
and a warm fall follows, with ab- 
sence of frost until late into 
September, a Marketable crop 
^may often be produced. In the 
northern districts nearly all to- 
bacco is plante;^ in June. F^m 
the standpoint of temperature this is the most favorable month for the 
rootrot. Heavy infestation in June followed by a warm July, however, 
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.may oveicome Ae disease. If * the warm period i^delayed until late 
July or August, recovery may still be made and *ate crop of good 
yield produced, provided the balance has not swung to the other ex- 
treme — that is, forced maturity. 

No condition is more commonly seen in infested tobacco fields than 
that of plants budded out and ready for topping two to three weeks ^ 
before the normal date when the plants have obtained only one-fourth 
to one-half their normal growth. This is a*direct result of the starvation 
of the plants caused by disease. A drouth may bring on the same 
condition. The plants then must be topped when this stage is reached, 
and although much spread of leaf may subsequently occur, owing to the 
arrival of more favorable conditions for growth, yet the yield is almost 
certain to be light. 

Severiil years of practical observation of infested fields have shown 
that heavy*infection almost always occurs in June. Every tobacco 
jgrower of experience, at least in Wisconsin, can cite cases where during 
the first two or thfee weeks after planting the crop prospects have been 
excellent, followed by a like period of uncertainty, when the condition 
of the crop has apparently made no progress or has gone slightly back- 
ward, and finally, for no apparent reason, where the crop has taken on a 
new lease of life, or, on the contrary, has remained to the end more or 
less of a^ailure. In Wisconsin a large percentage of poor crops in the 
years 1913, 1915, and 1917, was due either to poor yield or delayed 
maturity directly traceable to the rootrot. In the years 1914 and 1916 * 
fairly good yields were obtained, and not much root disease occurred 
even on infested soils. 

It is believed that an examination of^he summarized soil temperature 
records for these years in Table VII, or a glance at the temperature 
curves in Plates 6-8, will furnish in a large measure an explanation for 
the results obtained with tobacco in 1915, 1916, 1917, and 19^8. The 
year 1915 was an especially cold season; according to weather blyreau 
records at Madison it was the coldest on record, and also a comparatively 
wet one. The studies of the writers on the influence of soil moisture, 
however, have now convinced them that its importance as a controlling 
fac^r under field conditions is small as compared with temperature. 
In 1915 the loss^from the rootrot of tobacco wa# estimated at from 
$10,000,000 to . $20, 000, 000 in the United States alone. The year 191% 
showed very poor prospects of a good crop for a period of several weeks 
in July and early August. In the latter half of August, however, the 
Wisconsin crop made a remarkable growth ^en in the most heavily in- 
fested fields; this growth was unquestionably a direct result of the m-"" 
creased ^1 temperatures during this month. 
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TablB VIL — Average monthly and seasonal soil lemperatures for totacco-growing periqdsi 
igig-igiSf at different depths of soil 


— 

Season. 

Depth 
of soil. 

TemperatuTcs duriof month of — 

Avetage 

lor 

Vrtiwing 

period. 

June. 

July. 

August. 


Indus > 

*C. 

*C. 

“C. 

*C. 


7 

20. 9 

20. 9 

19. 0 

2a 3 

1915 

4 

20. 4 

H 2a 6 

19. 1 

2a 0 


8 

iS. 0 

19. 3 

18.3 

18.5 


3 

37. 6 

31.8 

‘ 23.8 

27.7 

1916 ; 

4 

23.0 

27,8 

22. 7 

24 - 5 


8 

18.6 

24-3 

22. 4 

21. 8 


\ * 

21. 7 ' 

28. 2 

< 27. 6 

25.8 



4 

18. 7 

24-5 

34.8 

23 . 7 


1 8 

16. 3 

21, 6 

21. s 

- 19.8 






K 


2 

23.8 

27. 0 

20.0 

26.6 

1918 

4 j 

21. 0 

23.6 

25 - 4 

23.0 

Hi 

8 

17.9 

. 20. 

21. 8 

20 . X 








The practical bearing of this problem is manifold. In so far as sea- ' 
sonal temperatures can be judged and predicted, crop prospects on in- 
fested soils can be predicted, and in the norths tobacco-groiwng sec- 
tions the infested soils^usually constitute anywhere from one-half to 
three-fourths of the acreage grown. In so far as ''warm” soils can be^ 
selected—that is, sandy, dark soils with gpod drainage and a southerly 
exposure — in preference to “coM” soils, the possible extent of the damage 
from disease has been reduced. If the crop is planted early on infested 
soils, heavy infection is niore likely to occur in the early stages of plant 
growth, and the plants will find it more- diflhcult to recover. One of the 
most common beliefs of the Wisconsin grower, based on observations 
of several years, is that early planting means plants budding out 
in July, and an early, light-weight crop. From a purely physiological 
stanc^)omt there could be only one possible explal^tion for such 4)ehavior 
of early-set tobacco, namely, the more or less common occurrence of a 
drouth in July. The inadequacy of such an explan^ion, however, is 
shown by the following observations: The vigor of growth of com ^d 
other cultivated crops has remain^ practically undecked during many 
of these freqiiently recurring so-called drouths in July; likewise, the 
growth of ordinary tobacco on new sml of a neighboring farm or of a 
resistant variety in the adjoining row o^ an infested field has not been 
greatly interfered#with by these weather conditions; finally, exceptionally 
poor crops of tobacco were grown in Dane County, Wis., in the years 
1913 and 1915, whereas the July rainfall was 8.47 inches in 191^ and 5.04 
inches in 1915, both greatly in excess of the normal. 

It would seem that some iralue could be attached to late planting on- 
soil infested by T, basicolaf in view of the low temperatures in June. 
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On the other hand, the practical application of such a recommendation 
is doubtful on account of the variations in seasons as to temperature and 
general growing conditioiis. In general th^ farmers must transplant to 
the fields when the seedlings are of proper size, a matter which usually 
can not be predetermined very effectively for more than two pr three 
weeks. With steam-sterilized seed beds doser approximations can be 
n^de, and seed may be sown two to three weeks later than normally,^ 
with fair certainty of obtaining plants by June 20 to 30. Planting later 
than July i, however, is no more certain of giving satisfactory final 
results than early planting. 

During the season of 1917 a planting experiment was carried out, 
with the hope of getting ^me data on this subject. Seedlings were 
transplanted at intervals of one week from June ii to July 23 on infested 
and uninfested sod. Unfortunately, the White Burley variety was used 
on hea^y infested soil, and the season being rdatively cft)l throughout, 
no appreciable difference in yidd occurred on the infested soil. On the 
^ninfested soil, however, the advantage was all with the early-set tobacco; 
a gradiial decrease in size apd value occurred in the later plantings. A 
wide range of observation has convinced us that, other conditions being 
alike, early-planted tobacco on uninfested soil usually is considerably 
safer th^tt late-set tobacco on either infested or uninfested soil. 

Before leaving this subject another point of^more scientific interest 
should be considered: Why are tobacco roots most seriously attacked 
by T. hasicola at from 17° to 23*^ C. and practically not at all at a tem- 
perafure of 30° C. ? Several hypotheses taay be formulated. The sim- 
plest explanation would be that the resistance of the roots to the parasite 
is modified at different temperatures, high susceptibility occurring from 
17° to 23° and practical immunity at 30°. At first siglit k tenable 
theory seemed to be that the increased vigor of root formation at higher 
temperatures sufficed to overcome the destructive effects of the disease. 
On the other hand, th^ction of temperature. variation may be regarded 
as modifying the ability of the fungus to grow in the soil or to attack 
the host. On the’^basis of some preliminary experimental results, the 
latter theory seeifts to be the most probable. * 

It should be noted, however, that the behavior of the parasite in cul- 
ture does not correspond entirely with jts behavior on the host as regards 
tempeiature relations. Gilbert ^12) found the following# critical tem- 
peratures for growth: Minimum 7® to 8° C., optimum 30°, maximum 
34® to 37°, The determination of the writers have given figures very 
much the same as these. ^ The temperature most favoiable for infection 
does not therefore agree’ with the optimum for growth in culture. 
Op the other hand, the optimum growth in culture is obtained at 29® 
to 30°, where the organism is apparently ineffective as a paiasite. It 
is not possible, theilrfore, to .draw any decisive conclusions as to the 
behavior of the fungus as a parasite from its behavior Ih artifi^ culture 
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media. At temperatures qi only 3 or 4 degrees abofi the optimum in 
culture, however, the fungus, though making sc^e growth, behaves 
quite normally, and it is not difiScuIt to conceive of no infection or 
growth occurring on the host at temperatures above 30®. IThe results 
are probably in line with the relation of temperature to infection with 
other parasites, where it is known that the fundamental factor concerned 
is that of spore germination. 

The following brief description of some experiments itey be of inter- 
est : The roots of tobacco plants in 7-inch pots were forced to grow out 
through the perforation in the bottom of the pots by setting them in 
battery jars partly filled with water. After the roots had made a good 
start, the jars containing the plants were set in the temperature tanks, 
at higt and low temperatures, 31® to 32° t. and 17® to 18°, respec- 
tively. They were allowed to remain there for a w^k to 10 days. Dur- 
ing this time tfiiany fresh roots were formed. Two jars at each tempera- 
ture were now removed* to a tempefatur&of 23*^ to 24°, and young endo- 
conidia of T. basicola introduced into the water surrounding the roots. 
Other plants remaining at 31° to 32*^ 'Sere^also inoculE^d in a similar 
manner. Good visible infection occurred in 3 to 4 days in all plants at ■ 
23° to 24°. No difference was observed at this time or later ft the 
roots which had formed, either at a high or at a low temperature. No 
infection occurred at 31^ to 32° after 8 to 10 days, but infection did 
occur when the pots were removed to a lower temperature^without rei|i- 
oculation. This showed that the fungufe had not been destroyed? , 

This test at least demonstrated that the increased growth of th#host 
at higher temperatures is not due to the overcoming of the effects of the 
disease by increased root development, but is due to the inability of the 
fui^s ta iftect the host. It also tends to show that any resistance or 
susceptibility at high or low temperatures which the roots have developed 
is rapidly lost, since infection must have occurred wi^thin 24 to 36 hours 
after changing from the extremes to the medium temperature. There is 
room for a great deal of investigation, however, upon the intimate environ- 
mental rdations of host and parasite^in this disease, and it is expected 
that this .subj^t will be treated in tpore detail in another paper. 

INFbUENCK OF ORGANIC MATTER IN THE SOIL 

The content of organic matter and humus in the soil has been ^cribed ■ 
by most investigators of tobacco rootrst as being a very influential 
Tactor in determining the amount ctf disease. Practically^all the writers 
agre^ that the addition to the sdil of vegetable matter in the form of ^een 
manures or barnyard manures increases th§ extent of the disease. 
Massee (rp) has gone so far as to staft that "the disease can not occur^t 
all in the total absence of orgamc matter, since he believes the fungi^ 
must gmn some stimulus while living as a saprophyte before being able 
to penetrate the hosjt. Nearly all of these conclusions, however, have 
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been based on observation rather than on experimental data. The 
question is an important one from a practical standpoint. ^ Will the 
selection of soils low in organic matter or avoidance of the use of green* 
or bamy^d manures materially aid in reducing the disease? 

This is one of the most difficult pioblems to subject to experimental 
test in such a way that wholly r^able conclusions can be drawn. It 
iilustrates equally well the fallacy of drawing far-reaching conclusions 
from mere fieft observation. It is evident that the organic matter of 
the soil has profound influence upon a large number of other factors 
such as water-holding capacity, food supply, temperature, reaction, 
texture, aeration, and saproph 3 ^c growth ^f microorganisms in the 
soil. To eliminate all th^ factors, even in the most carefully con- 
trolled experiments^ is impossible. To judge of their relative impor- 
tance in the results obtained in an experiment, hoWever, on the basis of 
the behavior of such inters from other experirpental evidence, is quite 
likely to yield fairly reliable results. 

Tabi,E Vlll.^^njluence of amounPof organic maiicr in soil on rootrot of tobacco 
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» Leaf mold heated to iro“ C. before infestation. 


An attempt was therefore made t© arrive at such conclusions by study- 
ing the behavior of the disease in th^ purest ground quartz sand avail- 
able and also in pure leaf mold, together with mixtures of the two in 
various proportions (Table VIII). The chief difficulty met with at once 
in such a combination is to obtain an approximately uniform supply 
of plant food^ these various media; The leaf mold was found to con-, 
taiil sufficient plant foo{| to support ndrmal growth, though after the 
third crop the plants sMbwed potash hunger. To* the pure quartz cul- 
tures •& nutrient solution Suffici^t for plant growth was added, and 
decreasing amounts were added to the various mixtures of sind and 
mold "with a rough estimate of the amount of nutrient salts required. 
Two pots of each series were then inoculated mth T. bastcola and two 
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left uninoculated as controls. All were then transplanted with the White 
Burley v^ety from sterilized soil. It became evident at once that on 
‘ uninfected soil the rate of growth of the plants ia the extremes of the 
series was markedly different; the leaf mold was much more favorable 
for growth |han the sand with nutrient solution. Several tests were 
run on these pots, and also on another series made up in a similar mani^r 
(Experiment II, Table VIlI). Most of the data concerning them exists 
as not« and estimates of relative growth during the progress of the 
experiment. Much reliance can not be placed on the weights, owing 
to the large variation in fertility, although the ratios given of the growth 
on infested to that on uninfested soil indicate the general trend of the 
results. , ^ 

The experiments, of which there were a considerable number, can not 
profitably be discussed here in detail. Owing to the variation in results 
obtained in growth, much reliance was placed on estimates of actual 
infection on the roots themselves, estimates difficult to express in figures. 
After summarizing the results of all thf tests run (nine in number), it 
can be stated with considerable confidence that the importance of organic 
matter in the soil is relatively small, so far as infection and severity of ' 
the disease are concerned. It seems, however, that heavy infestation 
is more rapid, and is more likely to be maintained through unfavorable 
periods for the parasites in*soils high in orgardc matter rather than in 
those low in organic matter. , Given a uniformly heavy inooulation of 
the soil with endoconidia of T. basicola, the rate and severity of inJfe^tioni 
is apparently practically the saiUje in pure sand as te the pure leaf molcl. 
Massee's conclusion {ig) that T. basicola is a weak parasite and unable to 
infect the host except in the presence of organic matter seems entirely 
unwarranted. This h^ been further shown by infec^ons obtained from 
spore suspensions in pure water or s^res alone placed directly upon roots 
grown in a moist atmosphere, Aftec^the lapse of a considerable period 
of time from the date of inoculation, however, it seems certain that 
T. hasicoJ^ becomes more firmly established in pure ^leaf mold than it 
does in pure sand, although this is appar^tly a difference of amount of 
infestation and not one of virulence (PI. 4, V-VI). 

With regard to the various mixtures of sand and organic matter, the 
conclusion seems justified that, so far as infection following inoculation 
is concerned, it takes place with equal ease in all (PI. 4, III-IV). . The 
development of infestation of the soil, however, has not given quite the 
expected results. Doubling or tripling the content of organic matter 
apparently has not increased infestation, andjn some cases increasing 
the ratio up to 80 pafts of leaf mold seemed ^fually to reduce it. The 
results, however, have not been sufficuently uniform in this respect to 
warrant a final conclusion, and it is not certain that factors other than the 
orgaSic matter do not play a part here. Nevertheless, the fact that 
increasing the organic content of the soil, two, four, six, and eight times, 
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on the basis of percentage loss on ignition, has not consistently increased 
the amount of disease seems to warrant the eondnsion that the growers 
have fittle to fear in the way of increased infestation of the soil as a result ^ 
of plowing under green manures or applying lo, 20, or 40 tons of manure 
to the acre. 

INFLUENCE OF THE CLAY AN1> SAJML? ^juJNiiiNT OF THE SOIL 

* The value of sand or sandy soils in reducing the severity of the rootrot 
and its increased severity in day soils has been espedally suggested by 
Bdiincasa (2) and Gilbert (r^). 

A pot expertpient with pure quartz sand and with the purest clay 
obtainable was carried out with the hope of throwing more light upon 
this subject.^ The only factor which it is desirable to vary in sticb an experi- 
ment is the size of the soil partides. Although this is not practicable, 
the relative proportion^)f sand and clay partides no doubt resembles soil 
conditions equally well. Superior red day was obtained from the sub- 
station of the State experiment station located at Ashland, Wis. This 
is a very “heavy pure clay soil containing very little organic matter and 
is low in fertility. The sand used was a medium to coarse ground quartz. 
The mixtures of sand and clay made were those shown in Table IX. 


Tabi.^ lyi —Influence of relative amount of clay and sand on rootrot of tobacco 
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Three-fourths. .... 
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. 6l 

. 20 
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. 20 
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* 

One-fourth 

' Three-fourths .... 

• 75 

- 25 

• 50 

• 25 

s 

1 
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All 

r. 10 

•IS 

•JO 

* 
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« The experiment in this case* was confronted with practically the same 
difficulties^and complications as occurred in the tests with organic mat- 
ter. The clay soil alone, or in m0ttures with sand, seemed to have an 
“injurious’^ action upon the growth of tobacco which was not remediable 
with nutrient solutions applied. The yidd, therefore, was low in aU 
cases. Two pots of each series were inoculated with equal volutnes of 
spore suspension from cultures of T. hasicola on agar, y^rhich were thor- 
oughly mixed with the soils. White Burley tob&cco was then trans- 
planted into them. The first experiment was started November i8, 1916. 
The result of this experiment was not recorded by weight, lut some 
the crocks were photographed (PL 5, I), and serve to illustrate tHI re- 
sults obtained. The conclusion dra^ from this experiment was that 
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sand was considerab^ more favorable to infection of^roots with T. 

, hasicola than was clay. 

Another test with the Maryland broacueat variety, started on October 
13/ 1 9171 gave practically the same results; root examination showed 
the greatest infection with sand, less with an admixture of one-fourth 
clay, and almost none with one-half clay, and still less with larger 
amounts of clay. However, in one pot heavy infection occurred at thf 
base of one plant, and the results were interfered with somewhat by. 
nematode injury. 

All the soils were then resterilized with steam and two pots of each 
series heavily infested with a suspension of young endoconidia of Ik 
hasicola from agar slants. White Burley was again replanted into all 
the crocks. The results obtained in this case differed somewhat from 
the preceding, owing most probably to heavier ^infestation. Infection 
seenied to occur most rapidly and severely id the one-half and three- 
fourths clay mixtures, but in a few days the plants in theinfested series 
were practically identical in appearance, and after abotit four weeks, 
nearly all were killed. 

These were now removed, and a more resistant variety, Connecticut 
Havana, transplanted into the pots. After 18 days all these also were 
practically equally diseased in the infested series, and w^re not quite 
, half the size of those in the uninfested series.' After about six w^s* 
growth Ihese plants were cut and the air-dry w^eights deter^iinea as 
shown in Table IX, Experiment IV. The pots were again planted to 
tobacco with similar results (Table IX, Experiment V). The results of 
the last experiments seem to indicate that in the presence of heavy infesta- 
tion of the soil very little difference exists between clay and sand mix- 
tures in the severity of infection of tobacco by T. hasicola. 

The results obtained in the first experiments are believed to be due’to 
the fact that the parasite^ound day soils unfavorable for growth and 
multiplication, and. especially for penetration of mycelium as compared 
with the «and, and therefore less actual infection occurred. On the 
other hand, with heavy infestation sufficient spores were in dose prox- 
imity to the roots to produce good infection at once. 

With respect to the^ersistence of T. hasicola in soil, and its* gradually 
increasing infestation in spite of unfavorable conditions, it is bdieved 
that' day soils may eventually be more injurious than sandy soils> but 
-the results seem to justify the condusion that from the standpoint t)f 
texture alone, the selection of loose sandy soils, or the use of day ^ils 
does not necessarily predetermine to any importan^ degree what the 
injury from T. hasicola will be. It should be added that day soils 
draining more poorly and warming up more slowly, undoubtedly may 
bq considerably niore harmful than sandy soils, because of the influence 
of saturated soils and low temperature upon the severity of the rootrot. 
It is also bdieved that the tendency of the day soils toward greater 
compactness may also favor somewhat the occurrlnce of the disease. 
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• INFLUENCE OF SOIL FERTILITY 

^ In *he case of soil-infesting ^riites which cause the loss of lai^e por- 
tions of the root system in such a way that it can no longer function nor- 
mally for me benefit of the plant, it seemed probable that the quantity of 
available plant food would influence growth in infested soil: It may be 
opposed, for instance, that, if in a soil low in fertility one-half of the 
roots are destroyed by disease, doubling the quantity of available plant 
food would materially reduce the actual amount of damage done in yield 
of crop. ^This is in accord with the conclusions of Briggs (3) on this 
subject. On the other hand, there are the views expressed by many pa- 
thologists with respect to various diseases, and also by Gilbert {12) and 
others for the Thielavia rootrot, that an increase of fertilizf^, especially 
those of nifrogenous nature, renders the plant more susceptible to attack. 
Aside irom these theoretical ponclusions, we are confronted with the 
facts that the tobacco rootrot as it occurs in the field is not confined espe- 
cially to soils i^a low or high state of fertility, and that the application of 
fertilizers, whether as barn manure or commercial fertilizer, seems to have 
no marked effect upon the relative amount of disease, or on the growth of 
the plants in infested soil in seasons favorable to rootrot. These con- 
clusions are based on four years of fertilizer plot experiments carried on 
a£ Edgerton, Wis., during the years 1910 to 1913, inclusive, the detailed 
resvits of which can not be given here. These experiments were planned 
to determine if it is possible to remed^the “worm-out” or “deteriorated” 
condition of old tobacco soils by the use of fertilizers of various sorts, 
although the full significance of T, basicola 2^ the cause of this condition 
was not recognized at the time the experiments were started, and it was 
not until after three years of failtfre to obtain any marked results with 
fertilizer treatments on a wde variety of old soils, coupled with highly 
beneficial results on seil new to tobacco that the importance of T. basicola 
in crop production was fully realized. 

An experiment to determine more carefully the effect of plant food 
applied in the form of pure salts on the severity of the rootrot was carried 
out in pot tests in the greenhouse during the winter of 1917-18. Twenty- 
four 2-gallon crocks with a drainage perforation at the base were each 
filled with 10 kgm. of soil infested with T. basicolaHrora the old tobacco 
field on the station farm. Twelve of these were now sterilized by steam 
to ^estroy the fungus. The cultures were divided into six series of four 
pots each, Two containing infested and two umnfested soil. A complete 
fertilker was made up from chemically pure salts according to a formula 
used for nutrient v(||ter cultures, as follows : 

n Gm. 

* Calcium nitrate r 40 

Potassium chlorid 10 

M^esium sulphate 10 

* Trib^ac potassium sulphate 10 
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This fertiliser was added to each pot in each series and thoroughly mixed 
with the soil in the aidounts shown in Table X; the appH^tion ranged 
from one which was considered%nly light, to one which was so heavy as 
to decrease materially the yield. In these pots three succes^ve crops 
were grown; the first bwng the susceptible White Bifrley;the second the 
semi-resistant Connecticut Havana ; and the third the susceptible Mary- 
land Broadleaf variety. The average air-dry weights for the plants in the 
infested ^d the uninfested soil fbr the three crops are given in Table X: 

Table X . — Influence of fertilizer on rootrot of toh<icco 
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It may be observed at once that the uninfested soil responded to the 
fertilizer treatment; the maximum yield for the first and second crops 
was in the pots which received 14 gm. of lertilizer. Doubling the amount 
of salt, however, decreased the yield, and quadrupling it acted very^ 
injuriously, presumably owing to increased concentration of the soil 
solution. Very poor growth was made on t(je infested ^il in alTfcases 
^ 1 . 5, II-III). In the first experiment, though, the lowest application 
of fertilizer apparently increased the growth, followed, however, by a 
decrease at higher applications. The most striking fact was that the 
most beneficial application on the uninfested soil showed no signs of 

such beneficial actfont)n the infested soil. ^ 

* • 

The results obtained with a more resistant vanety as a second crop 
are b^eved to be more representative. In this case there is a gradual 
decrease in yield with the application of the nutrient salts on infested 
soil; no increase from the application of 3.5 gm. of fertilizer occurred as 
in the first crop grown. This influence of a light application of fertilizer 
to infested soils is apparently in need of further Uivestigation on a wide 
^ge of soils and with different varieties. From a practical standpoint 
it seems safe to. conclude that fertilizer as such is wasted when applied 
for tobacco on soils badly infeste 4 with T. basicolat and that it tuay, in 
fact, do more harm than good., * 
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Theoretically we are concerned with the Reasons for the injU|ious 
action of nutrient salts on the growth of tobacco in infested soil, or 
more directly, the increased severity of^he disease in the presence of 
increasedisupply of nutrient salts. A root systerii reduced by T. basicpla 
evidently is not abll to incjjease itsTunctions in the presence of increased 
fertility, in substitution for the lost roots; but it still seems as though 
thfe should be possible, provided other factors do not interfere. 

There are at least" three plausible explanations for the obsierved be- 
havior: (i) the increased concentration of the soil solution may favor 
fungjis growth ; (2) increased food supply may favor increased suscepti- 
bility to disea^ ; (3) the reduced root system in the presence of increased 
concentration of soil solution may not have been able to furnish a suffi- 
cient supply of water to the plants. The first explanation seems most 
plausible and yef seemingly can hot wholly account for the reSults 
obtained. The second, that of increased susceptibility, seems least 
plausible, since no one has yet satisfactorily shown that actual suscepti- 
bility to disease is increased By increased.fertilization. There is some 
reason to supjlose that the third hypothesis is a factor. In the unin- 
fested soil a good illustration of the injurious action of high concentmtion 
of soil solution on plant growth is found. This is explained as an osmotic 
relation, the ^ntrancfe of water to the plant being reduced, owing to the 
hi^h concentration of the soil solution. It seems probable, therefore, 
that in the presence of ^ greatly reduced root system this condition 
would be exaggerated with a resultant reduced growth. The water- 
relation theory is strengthened^y the observations on the relative time 
and extent of wilting of plants on days favoring high transpiration. 
Wilting of tobacco plantsMuring period^ of high transpiration on infested 
soils ^d rapid recovery is quite common and indicates a delicate water 
ration emsting between Ae plant and the soil. 

INFLUENCE OF COMPACTNESS OF SOIL 

Field observations have seemed to indicate that in many instances where 
the soil in infested fields is hard or compact, owing t^ poor preparation 
of the soil or to other cause^he damage from 7 . haskola is more marked 
than in loose soils. In fact, many farmers have been found "who^have 
.attributed poor yields to compact soils alone, when, as a matter of fact, 
rootrot was undoubt^y the primary cause. It is, however, very difficult 
to say just how much injury is due directly to the hard compact or baked 
condition of the soil how much is due to its influence on the progress 
of the rootrobwhen present. ^ . 

A simple experiment to determine this point was carried out. ThI 
naturally infested soil from the field was carefully screwed and mixed 
in a relatively moist conditimi. Jl 6-iifbh clay pot was filled with the soil 
in ^ loose a condition as possible. ThVheld 2,000 ‘gm. Another pot 
was then filled, with the same soil, with jw hft#vv fomnitirr oc 
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It contained 3,200^gm. Other pots were now filled with ^,900, 2^600,* 
and 2, '300 gm.^of soil, four pots of deg|-ee of compactnessJjeijjg used. 

Two pots of each sen^ 'we^steaai-sterilized, Connecticut 
tohacto was then transpknted into them. To avoid any abncAal Con- 
ditio:^ due to tmnsptotin|, fegecialfy in the compacted s6^, which ’ 
were so ha^d that a knife could scarcely be insert^ into themj a small 
amount of soil was taken out of the center of each pot with a cork bordr. 
The hole was filled with uninfested loose ^il, and the young plants were 
transplanted into it so as to ^^e all an equal chance to start. 

The results were very interesting, The plants in ^ the sterile com- 
pacted ^il3 did very much better than was etpecled, lUthough the 
loose soils were much more favorable to growth. In the infest^ sofl, 
however, the plants in the compacted soil made no growth Whatever 
(PI. 5, IV). Examhiation of the roots showed’ that in tiie loose infested 
soil comparatively few lesions occurred, a^d the taproot was present, 
while with increasing compactness the taproot was lost, and gradually 
increasing nurnbers of lesions occurred. ‘ r ‘ 

The experiment has an important practical bearing on the preparation 
and cultivation of tobacco soils infested with T. basicola. Anything 
which can be done to avoid, or' remedy compactr^ess or baking of soils 
will no doubt lessen the disease even in badly infested soifc. In other 
words, soil in good tilth is less likely to be|ieavily damaged by T, hasicda 
than soil in poor ti^th. 

TRANSPLANTING DISEASED SEEDLINGS 

The influence of the use of diseased seedlings for transplanting to th,e^ 
field is not striciEly an environmental feature of the problem, ft relates, 
however, to the amount of infestation in riie soil and has^ veg^ infpof- 
tant practical bearing on results obtained undir field conditions. It iS, 
fufthermore, a point upon which some contradictory evidence has been 
obtain^ by various experimenters, especially Eenincasa (x), Gilbert 
(x2), and Clinton { 8 ). The results already^ presented, e§peAally in 
regard to the influence of temperature, may serve to explain the 
variation in i^ults from year to ;^€ar, or of the recovery, o;|iinfected 
transplanted seedlings. This is, Jiow^ver, apparently n<ft • the 
explanation. The' writer has shown that variety tobacco and even 
strains^fVa^ in their resis^nce to rfiotrot (x^). ttansplanting healthy 
plants to tested soil under favorat^ environmental conditionsior dis- 
ease is shpwi# to re^t in marked difference ' m yield of the different 
types used. ^ ^ ' 

It is known tbat the tendency of di^eaised plants is 4 o send put new 
roots to replace those lost byisea^ TransplMiting dised^d plants' 
c<kisists practically in l^estin^ small area ^ soil stfrrpundiiiS the base 
of the pk^t with f. 5 <wiaia 3 ^art of tSe hew roots, especially those 
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Ifi th% early "stages of' growth, must penetrate this infest^ soil before 
feaching'^lalgerareas of uninfest^ soth The ability to re^t the disease 
will therefore detemune toughly tlte nt|Eiiber of 4!00ts and ^jndity, with 
which theyii|Kiss through this inf^ted area £Uid become established, 
should be roughly proportional to the n^stance of • the different vaiijeties 
under similar envfronpiental conditions. 

To determine the influence of transplanting varieties oinenng wtueiy 
in relative r^tanfce to the lootrot, ii such varieties^were sown in a 
s^d b^ infested with T, basicola, and also in a sterilized bed as centred. 
The relative resisEance in the seed bed is a^ut the same as that in the 
field. The susceptible varieties espetmlly did very poorly in tiieinfested 
b^s, but post of them reached a sufficient size for transplanting. Abqut 
40 plants of each variety from infested soil and the sanfe number from 
uninfhsted soil, were then transplanted »de by side in uninfested soil 
(Pll 5 , V) . The re^lt^ are given in Table XI in which the gr^ weights 
of 25 heathy plants and 25 diseased plants of each variety are shown, 
toother with«the decreases in weight due to the use of infested seedlings. 
It will be noted that a reduced yield occuhed in all cases, but where^ 
the disease was^ small in the case of varieties known to be resistant to 
T. hasieda it was relatively very high in those varieties which are sus- 
ceptible. Tfle r^ults are not e^ctly compamble on this basis on account 
of the difference ia yield of vadeties under normal conditions but serve 
to illustrate the p§int in question. 

i * TABtB XI .— of transplanting diseased toba^o plants in uninfesied soil ‘ 


Weight of^5 gree^i plants. 


Vifriety. 


ff. \ ^ 

White Burley. 

MarylancBiBro^lesu^. 

Big Oronoco. .* 

Yellow Pryor 

Penn^vJ^^^oa^eaf 

lUtea kiitucky — ........ . . 

^ “Pe^ Seed*’ ..i — . . . 

Ohio Seedleaf . r 

*‘N<«rthiinHylmd*" i 

' Braale Benevefitano 

"S. . 


Heahhy 

plants. 

• ... 

Infected 

plants. 

Decrease 
due to 
disease. 

. .(Jw, 

Gn. 

Gtn. 

» 66. 50 

25. do 

. 41 - 50 

6$. 00 

3*00 

27. 00 

57-75 

32- 50 

25-25 

59.00. 

U- so- 

23 - 50 

82.50 , 

27-25 

55-25 

49 - 75 

33 - 50 

16. 25 

60. 00 

49, 00 

II, 00 

. 49 - 00 

40. 00 

9. 00 

70-50 

51. 00 

19. so 

65.00 

- 55 - oQ 

xa 00 

56.50 

53 - 0 ^ 

m. 

" 3 - 50 




" Gilbert (r^) tiports an experinpnt %. which “Havana Broadleaf” 
tobacco wa^ use^ and' in which the yield from infected and healthy 
‘^plants was pmctic^jTlde^cal. ^By “Havana** Broadleaf was 'mean^ 
it is presumed, the relati\;^y^esistant f^ety bette| known||a “Coti- 
4 nfeticut BroacQeif. '* If ^vironmental conditions were favorab^ fof^he 



May ts, ^9 Influence of Soil Emironmevl on Rootroi of . Tobacco 83 

' ; ^ m nr ^ r-^—- 

09ciirrcpc^ disease, different results no doubt would have occur^d hdS 
(^bert iise^ a more susceptible \ftriet;^. . 

Ilraetieal advice on the use of infected seedlings will, then, vary ^ with 
the variety used; Injected seedlings should never be used if it is po^ble 
to avpid it^ especially on soils which are not |nfested, siuce this will oMy 
hasten the tinie when all the soil will becothe so. thoroughly infested as 
to m^e a chan^ to^iewer soils necessary. On the other hand, it fre- 
quently is nec^sary to risk infected plants, ^ oth^ may be unobtain- 
able. In sudh instances it is much less likely that serious injury ^rill 
restdt if the infection is on a resistant variety. Ag^, it shduld be re- 
membered that infected seedlings of e^en a susceptible variety trans- 
planted into a heavily infested soil may produce a normal crop under 
favorable conditions, such as a very warm season and a relatively high * 
soil temperature persisting^ for a long time. 


SUMMARY 

(1) The%ootrot of tobacco, caused by Thidavia basicola, is marked by 
the stunting of plants in various degrees (hie to a reduced root system. 
The extent of the damage is determined in a large measure ^ the environ- 
mental conditions surrounding the roots of the host. » 

(2) A study of these is essential to the proper 

understanding of the occurrence and di^ribution of fhe disease in general 
and local areas, and to good judgment in rcs^mmendation for control 
peasures. ’ . ^ ^ 

(3) There seems to be no variation in the pathogenidty of the rootrot 
fungus secured from different soumes. The amount of diseas#is deter- 
mined entirely by the susceptibility of the host, the amount of infection, 
and file soil environmental factlirs surrounding the roots of the host. 

{4) The factors e|pecially studied were the amount of infestation in th/ 
soil, the soil moisture, soil temperature, soil reaction, physical structure,^ 
and fertility. An analysis of these ^tors separately as r^ted to rootrot 
frequently is very difficult, if not impossible. Under normal conditions 
the end result in injury by rootrot is the sum total of the favorable and 
unfavorable action of these factors on the disease; Some factors 

are much more importmit than others. ♦ 

(5) Other factors asidef the extent of infeqtio^and injury from^tobacco 
rootrot is directly proportional to the apiount of infestation of the soil. 

(6) Rootrot is seemingly capable of developing in relatively dry soils. 
Increasing the moisture content of the soil uptto three-fourths of its 
water-holding capacity does :^t materially increase rootrot- Saturated 
soils are, howevei^ condderably more favorable for the diseasfe than 
unsaturated onfe. 

’ (7) The temperaturt of Ae soifis undfiubtedly the m<^ important 
f^tor determining the extJ&t of the of tobaccog other facers 
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iiingieqtial. The most favorable temperatiire for the dis€hse ranges 
frto 17® tD "a3®C. Mow i5°*the disea^ is less marked, and above 
26^ t^e Severity is gradually reduced, until at about 2^® or it has 
lit^e br no Ihflues^. At 32® prhcticaJly no infection occurs even in 
most infested ^Soils.' Soil temperature records in thf field 

for four seasons indicate that occurr^ce of the disease undfer praqjtical 
conditions is determined ppmarily by soil temp^ture. 

(8) The dis^e i^checked by very high soil acidity. Heavy infection 
caj^ odmrit however, in soils showing a considerable iuud reaction. The 
re^ts d^jjend a^i^eat deaf ippn the suscep.tibili{y of the variety used 
in the test, the amount pf infeibtion, the soil tempcaature, and on other 
factors. ' The results of tests of Wisconsin tobacco soils indicate that the 
usp of add fextilizers will not reduce infection by T. hasicoLa. Although 
alkaline soils are more favorably to disease than very apid ones, the use 
of on iitfestedj soils may not necessarily reduce the yield due to 
increased infection from T. basicola. 

■ -(§) The amount of organic matter present introduce into the soil 
does not, play a very important part in the amount of infection. High 
organic matter content, hoover, no doubt favors increased infestation 
and aids th^#ungus to persist in the soil. Where hfeavy inoculation is 
made, infection appaxentlytxicurs more readily in pure sand than in the 
presence* of organic^ matter, Jjmt' under 'conditions unfavorable for the 
garasite th^^unount of infestation is more rapidly reduced in soils lacking 
m organic matter. - 

0 ^(Jb) day sons as such seemingly are no more favorable for infection 
than sa^, and under certain conmtions possibly less so. - Clay may, 
however, favor the persistence of the parasite in the soil, and may 
actually favor infection because of ihcr^sed danger of saturatioi^with 
water, and because of the occurrence of . lower temperatures than in sandy 
soils. 

(ii) Increa^g the fertility of infested soil by.piire chemicals is likely 
to xause increased stunting pf growth rather than increased growth, 
especially if too high a concentration of soil solution results. !PertiIizers 
applied to heavily infested soils under practical conditions seem to be 
largely ^pasted^cept in seasons in "which .such high temperatures result 
that the disease is held in check. ^ 

^(i2^*J^ield obsefvaticias ^d limited laboratory experipients seem to 
show that infested soils when compacted are more favorable for the 
disease than loose, soil., ^ 

(13) T^splanting^infected seedlings t^an uninf^ted field is a bad 
pfUctioE, although recoveiy from the disease may occur. Such recovery, » 
environmental conditions aside, iS .proportional to tfe resKtance pf the 
type used. 
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PtATE I 


I. — Influence of amount of infestation on injury from tobacco rootrot: A, All tmin- 
fested soil; B, three-fourths uuinfested soil; C, one-haif uninfested soil; D, one- 
fourth uninfested soil; E, all infested soil, 

II, III. — Influence of moisture content of soil on the amount of injury done by the 
tobacco rootrot; II, infested soil; III, uninfested soil (control series)— 

I A, one-fourth saturation infested soil; 
aA, one-half saturation infested soil; 

3 A, three-fourths saturation infested soil; 

4A, full saturation infested soil; 

iB, one-fourth saturation uninfested soil; 

aB, one-half saturation uninfested soil; 

3B, three-fourths saturation uninfested soil; 

4B, full saturation uninfested soil. 

IV. — Influence of soil temperature on the growth of tobacco in infested soil (jars 
to left of temperature labels) and in uninfested soil (jars to right of temperature labels) 
at temp^tures of approximately 13“, 17°, 23°, 26°, and 36® C. 
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PT.ATE 2 


I . — Soil temperature tanks used in the temperature experiments. The water surface 
was later covered with sheet metal and asbestos board. 

II, III.— Influence of soil temperature on the growth of tobacco: 

lA, infested soil, C.; 

2 A, infested soil, 20®-2i® C.; 

3A, infested soil, 23^-24® C,; 

4A, infested soil, 25®-26° C.; 

5A, infested soil, 28^-29° C.; 

6A, infested soil, 3i°~32® C.; 
iB, uninfested soil, i7°-i8® C.; 

2B, uninfested soil, 20®-2i° C.; 

3B, uninfested soil, 22^-24° C.; 

4B, uninfested soil, 25^-26® C, ; 

5B, uninfested soil, 28^-29° C.; 

6B, uninfested soil, 3i°-32° C. 

IV. — Influence of different soil temperatures on root development: 
lA, uninfested soil, i7°-i8® C,; 
iB, infested soil, i7°-i8° C.; 

2A, uninfested soil, 2o°-2i® C.; 

2B, infested soil, 20°-2i® C.; 

3A, uninfested soil, 23°-24° C. ; 

3B, infested soil, 23®-24® C.; 

4A, uninfested soil, 25^-26° C. ; 

4B, infested soil, 25°-26® C.; 

5A, uninfested soil, 28°-29° C. ; 

5B, infested soil, 28°-'29° C. ; 

6A, uninfested soil, 3i®-32^ C,; 

6B, infested soil, 3i®-32® C, 



PI.ATR 3 

Influence of high (30'’ C.) and low (20“ C.) soil^tempefature on recovery of plants in 
infested soil. Both plants were taken from the field where they had made very little 
growth during the season and placed in temperature control tanks, the roots at 30® 
being like those at 20® at the beginning of the experiment. 
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PLATE 4 

1 1 11 . — InHuence of soil reaction on extent of damage by tobacco loottot: I, Infested 
soil; II, uninfested soil — 

I A, infested soil, lime requirement 9,38 tons per acre; 

2 A, infested soil, lime requirement 7.19 tons per acre; 

3A, infested soil, lime requirement 4.60 tons per acre; 

4A, infested soil, lime requirement 2,62 tons per acre; 

5A, infested soil, lime requirement 0.72 ton per acre; 

6A, infested soil, slightly alkaline; 

7 A, infested soil, strongly alkaline; 

iB, uninfested soil, lime requirement 9.38 tons per acre; 

aB, uninfested soil, lime requirement 7.19 tons per acre; 

3B, uninfested soil, lime requirement 4.60 tons per acre; 

4B, uninfested soil, lime requirement 2.62 tons per acre; 

5B, uninfested soil, lime requirement 0.72 ton per acre; 

6B, uninfested soil, slightly alkaline; 

7B, uninfested soil, strongly alkaline. 

III, IV. — Inflrience of the amount of organic matter in the soil on injury by tobacco 
rootrot: III, iA~6A, Influence of gradually increasing amounts of organic matter 
in infested soil from lA, no organic matter, to 6A, all leaf mold. 

Planted soon after heavy inoculation. 

IV, — tB-6B, Influence of gradually increasing amounts of organic matter in unin- 
fested soil from rB, no organic matter, to 6B, all leaf mold (contiol series). 

Planted soon after heavy inoculation. 

V, VI. — Influence of the amount of organic matter in the soil on injury by tobacco 
rootrot: V, iA-^5A, Influence of gradually increasing amounts of organic matter in 
uninfested soil from lA, no organic matter, to 5 A, all leaf mold (control series); 
VI, 1B-5B, Influence of gradually increasing amounts of organic matter in infested 
soil from iB, no organic matter, to 5B, all leaf mold. 

Planted some months after moderate inoculation. 



PLATS 5 

I. — Influence of relative amotmt of sand and clay on tobacco rootiot: A, unin- 
fested series: B, infested series — 

1 A, uninfested soil, three-fourths clay and one-fourth sand; 

1 B, infested soil, three-fourths clay and one-fourth sand; 

2 A, uninfested soil, one-half clay and one-half sand; 

2B, infested soil, one-half clay and one-half sand; 

3A, uninfested soil, three-fourths sand; 

3B, infested soil, three-fourths sand; 

4A, uninfested soil, all sand; 

4B, infested soil, all sand. 

II, III. — Influence of soil fertility on amount of tobacco rootiot: II, infested 
series; III, uninfested series — 

lA, infested soil, no treatment; 

aA, infested soil, 3,5 gms. of nutrient salts; 

3A, infested soil, 7.0 gms, of nutrient salts; 

4A, infested soil, 14.00 gms. of nutrient salts; 

5A, infested soil, 28 gms. of nutrient salts; 
dA, infested soil, 56 gms. of nutrient salts. 

Note increasing injury from ndtrient salts beginning at pot 3 A. 
iB, uninfested soil, no treatment; 

2B, uninfested soil, 3.5 gms. of nutrient salts; 

3B, uninfested soil, 7.0 gms. of nutrient salts; 

4B, uninfested soil, 14.00 gms. of nutrient salts; 

5B, uninfested soil, 28 gms. of nutrient salts; 

6B, uninfested soil, 56 gms. of nutrient salts. 

Note injury from nutrient salts in pots 5B and 6B. 

IV. — Relation of compactness of soil to injtiry caused by Thulavia hasicola: 
lA, infested soil, loosely packed; 

iB, uninfested soil, loosely packed; 

2A, infested soil, very compact; 

2B, uninfested soil, very compact. 

V. — Influence of transplanting infected seedlings in healthy soil: 

A, Pennsylvania Bnoadleaf infected seedlings; 

B, Pennsylvania Eroadleaf healthy seedlings; 

C, White Burley infected seedlings; 

D, White Burley healthy seedlings; 

E, Northern Hybrid (a resistant type) infected seedlings, 

F, Northern Hybrid (a resistant type) healthy seedlings. 
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PLATE 6 

Soil temperature graphs for the month of June, 1915-1918, inclusive, at depths of 
, 4, and 8 inches. 



PLATE 7 

Soil temperature graphs for the month of July, 1915-1918, inclusive, at depths of 
, 4, and 8 inches. 









PLATI 5 8 


Soil temperatute graphs for tie month of August, 1515-1918, inclusive, at depths 
of 2 , 4, and 8 inches. 
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RELATION OF SULPHATES TO PLANT GROWTH AND 
COMPOSITION 

By H, G. Miller, 

Assistant Chemist, Oregon Agricultural Experiment Station 
HISTORICAL REVIEW 

The oxidation of sulphur in the soil and the relation of the products 
formed is plant growth, bacterial development and activity, and to the 
release of other forms of plant food have been reported upon by many 
investigators. In reviewing the work, many of the writers have reported 
beneficial Results from the use of sulphur fertilizers, especially with fhose 
plants high in protein and other sulphur-containing compounds. Various 
views are given as to how sulphur functions in producing these increased 
yields. Analysis of soils reported by Hart and Peterson Shedd 

(22, 2 3 ) , Brown and Kellogg (7) , and Sw^son and MUler { 26 ), show a lower 
sulphur content in the cultivated soil as compared to the phosphorus, 
■while many -of the cultivated plants show a larger content of sulphur 
than phosphorus. These results indicate that sulphur would become a 
limiting factor before phosphorus. 

It is generally concluded that sulphur to be available for plant food 
must be in the sulphate form, so that a soil having a high sulphur 
content may not necessarily supply enough sulphate sulphur for maxi- 
mum growth. Brown and Kellogg ( 6 ) have shown that different soils 
have unlike sulphofying powers and some of the factors influencing the 
change of elemental sulphur and sulphides to sulphate form. In 
lysimeter experiments at Cornell, Lyon and Bizzell (17) report that 
the' sulphate sulphur in the drainage water was from three to six times 
as great as in the crops and the sulphur content of the drainage water 
from the unplanted soil was about equal to the sulphur content of the 
crop and drainage water from the planted soil. Swanson and Miller { 26 ) 
conclude from an investigation on sulphur in Kansas soils that — 

the loss in sulphur due to the amount taken up by the crop is insignificant as compared 
with the total amount which has disappeared from the soil. This meansthat sulpho- 
fication has been in excess of the needs of the crop, and the sulphates produced have 
been leached out of the ground. 

* Reference Umade by nxxmher (italic^ to Literature cited,” pp. loo-ioa. 
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They report no increased yield when sulphur was applied as potassium 
sulphate (KjSOJ, but state that the loss of sulphur can not continue 
without afiFecting crop yields. Hart and Peterson (u) calculate from 
data obtained at the Rothamsted Experiment Station, Harpenden, 
England, and the Wisconsin Experiment Station that the loss of sulphur 
in drainage water is three times that brought to an acre surface from 
the atmosphere. 

Results of the investigations mentioned above show that the soil is 
capable of producing sulphate sulphur and that there is a tremendous 
loss of such sulphur in the drainage water. In certain cases no beneficial 
results have been obtained from sulphur fertilizers, which is not sur- 
prising, but in many instances sulphur application has caused increased 
yields. No doubt, in many soils, if the supply of sulphate sulphur 
formed was retained for plant food, they would not respond to sulphate 
treatment but the continual loss of sulphate sulphur and the large 
amount needed by some plants require that additional sulphate sulphur 
be present during the growing period to obtain better growth. A soil 
with a high sulphur content may not supply enough sulphate sulphur in 
comparison to the other plant food to obtain the maximum growth, 
while conditions in a soil of lower sulphur content may be such as to 
supply an adequate amount of sulphate sulphur. 

• In addition to sulphur acting as a plant food, several other explana- 
tions have been^given as to its action in the soil. Certain investigators, 
Bernhard (j), Chancrin and Desriot (<?), say that it functions as a partial 
sterilizer, others t^t the sulphuric acid produced acts upon the mineral 
matter of the soil, rendering it more soluble. Eipman (15, 16) and his 
coworkers have shown (r) that the oxidation of sulphur in sand and soils 
has acted upon the raw-rock-phosphate so as to increase the water 
and ammonium-citrate-soluble phosphorus (2); that the formation of 
sulphate sulphur paralleled the increase of available phosphoric acid (j) ; 
and that the sulphur-floats-soil compost could be employed as a sub- 
stitute for acid phosphate for plant growth. Brown and Gwinn (y) 
have found that the addition of sulphur to the soil increased the avail- 
ability of raw-rockphosphate, the gain being greatest where manure and 
sulphur were used together. McLean (18) in a number of experiments 
has shown the conditions which are more favorable for the oxidation 
of sulphur by microorganisms and production of available phosphorus. 
Lipman (14) suggests that the sulphuric acid may act m making alkali 
areas productive by converting sodium carbonate into sodium sulphate. 
The favorable results obtained by adding gypsum have often been 
attributed to* the calcium liberating potassium, but the eltperiments of 
Hart and Tottii^ham (12) show that a complete fertilizer plus calcium 
sulphate gave increased yields over those obtained with a complete fer- 
tilizer containing potassium chlorid, and that here the action of calcium 
sulphate must have been direct. 
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The action of sulphates upon soil bacteria has also been studied. Fred 
and Hart (9) have shown small increases in the number of soil bacteria 
and a slight increase in ammonificatipn and carbon-dioxid evolution by 
adding certain sulphates to the soil. A bacteriological investigation by 
Janicaud [is) indicated that sulphur had a favorable influence on the 
development of bacteria in the soil. Pitz (20) reports no marked effect 
on the number of bacteria found on agar plates, but he does report an 
increase in legume bacteria from the use of calcium sulphate. Elemental 
sulphur caused a decrease in the total number of bacteria that grow on 
agar plates, but an increase in ammonification was accompanied by a 
parallel decrease in nitrate formation. Boullanger and Dugardin [4) 
state that the presence of small amounts of sulphur materially increases 
the activity of the ammonifying bacteria. Ames and R^hmond (2) con- 
clude from experimenting on relation of sulphofication to nitrogen trans- 
formation that the increase in ammonia which accompanied the decrease 
in yield of nitrates when sulphur was oxidized can not be considered as 
indicative of sulphofication having exerted a stimulating effect on am- 
monification. A deficiency of base in the soil allows the ammonia 
formed to neutralize the sulphur and it remains as ammonium sulphate. 

Certain soils in Oregon have responded greatly to the use of sulphur 
and its compounds. In this locality greater crop •production in many 
cases has resulted from using gypsum than in using lime. Reimer [21) 
of the Southern Oregon Experiment Station has obtained large increases 
in alfalfa yield by the use of elemental sulphur. This marked effect 
from the use of sulphur fertilizers suggested that it wnuld be of interest 
and practical value to carry on some greenhouse experiments in order to 
study the effect of sulphur on early growth and composition of the 
plants, and also to attempt to determine whether it acted directly in 
supplying the plant with food or functioned in some other way. 

PhAN AND OBJECT OF THE EXPERIMENT 

For this work three Oregon soils, classified as a beaverdam, a Med- 
ford loam, and an antelope-clay-adobe, and designated as A, B, and C, 
respectively, in the tables, were chosen. The first was taken mainly for 
its high sulphur content, the second one because it did not respond to 
sulphur treatment in the field, while the third did respond to elem^tal 
sulphur fertilizer. The results obtained on analysis of these soils are 
given in Table I. The plants chosen were red clover, oats, and rape. 


Table I. — Perceniage of consiiiuents foun in soils 


Constituent. 

Soil A.6 

SoilB.b 1 

Soil C. 6 


0.32 

■349 1 

1 

1.25 
. 160 

•034 

4. 02 
None. 

0. 60 

•13s 

. 027 
3-24 

. II 

Phosphorus pentoxid (P3O5) 

Sulphur 

Calcium codd (CaO) ® 

Calcium carbMiate (CaCOj) ^ 





A Taken from analyses of soil sample when the field experiments were carried on. 
^ Soil A“ beaverdam; soil B=-Medford loam; Soil C— antelope-day'adobe. 
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It was decided to apply sulphur in the form of sodium sulphate 
(NoaSOJ, calcium sulphate (CaS04), and elemental sulphur. The ele- 
mental sulphur was mixed with the soil at the time of planting, but the 
sulphates were added daily in the form of a solution. This daily addi- 
tion of sulphates maintained a continuous supply of sulphates for the 
plant and it was thought that through the growth of the plants in the 
pots receiving the different forms of sulphur one could ascertain whether 
the elemental sulphur was able to supply the necessary sulphate. In 
order to eliminate nitrogen as a limiting factor, sodium nitrate (NaNOa) 
in solution was added daily. By keeping up an available supply of 
nitrogen, a study could be made of the influence of sulphur fertilizer on 
the amount of nitrogen taken up by the plant. Nitrogen and sulphur 
enter into the cdhiposition of proteins and mustard oils so that an abund- 
ant supply of sulphates and nitrates in the plant may increase the elabo- 
ratbn of those organic compounds containing sulphur and nitrogen. 

In addition to growing the plants on soil, they were also grown in sand 
pots receiving extract from the soil plus any nutrient that was added to 
the soil. For example, for a soil receiving a solution containing calcium 
sulphate and sodium nitrate, there was a corresponding sand pot re- 
ceiving a water extcact of the soil plus calcium sulphate and sodium 
nitrate. The following statement shows what each pot growing dover 
receive'd : 

son. 


Pot i: 

Calcium sulphate. 
Sodium nitrate. 

Pot 2: 

SodiuM sulphate. 
Sodium nitrate. 

Pot 3; 

Sodium nitrate. 
Calcium carbonate. 
Sulphur. 


Pot 7: 

^il solution. 
Calcium sulphate. 
Sodium nitrate. 
Pot 8; 

Soil solution. 
Sodium sulphate. 
Sodium nitrate. 


Pot 4 : Sodium nitrate. 


Pot 5; 

Sodium nitrate. 
Calcium carbonate. 


) Pot 6: No fertilizer. 

SAND 

Pot g: 

Soil solution. 
Sodium nitrate. 
Calcium carbonate. 
Sulphur, 

Pot 10: 

Soil solution. 
Sodium nitrate. 


Pot 4 (PI. 9, A, B, and C) is a control to compare with i and 2, and 
5 is a control on pot 3. Pot 10 receives no sulphur except that in the 
original soil extract. The pots^rowing oats and rape were treated in 
the same way, and this was repeated for each soil, making in all 90 pots 
(PI. 9~I2). 
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Hall, Brenchley, and Underwood (lo) at the Rothamsted Experiment 
Station, in some experimental work in support of the theory of the direct 
nutrition of plants by fertilizers, found that wheat and barley showed 
parallel growth in the soil, in the soil extracts, and in artificial solutions 
of the same phosphorus-pentoxid (P2O5) and potassium-oxid (KjO) con- 
tent. The soil solutions corresponded to the natural drainage water, 
depending upon the past fertilizing treatment and present composition of 
the soil. The growth in extracts from poorly fertilized soils could be 
made equal by direct addition of suitable phosphate and potassium 
salts. Boiling did not affect the nutritive value of the solutions, and the 
diffusion of the nutrient solution over particles of sand did not interfere 
with the growth, although proper aeration of the roots was found to be 
essential. 

By growing the plants on sand the possibility of the sulphates acting 
on minerals in the soil would be eliminated, and boiling the soil extract 
would destroy the bacteria originally in the solution. So in these experi- 
ments, if an increase in growth is observed in the soil pots from the appli- 
cation of sulphur fertilizer, and a corresponding increase is also obtained 
in the sand pots containing soil extract to which sulphur had been added, 
this same order of growth in the soil and sand would indicate in all 
probability that sulphur had acted directly in promoting the growth. 

The object of this experiment was to make a study of the influence of 
an available supply of sulphates on the early growth of the plants and 
determine whether the elemental sulphur was capable also of supplying 
the necessary sulphates; to see what effect sulphates would have on the 
nitrogen content of the plant and if beneficial results are obtained whether 
the sulphur acted directly as a plant food in producing them. 

EXPERIMENTAL WORX 

The pots used were ordinary clay flowerpots which had been paraffined 
on the inside, and each contained about 700 gm. of soil. The sand was 
of a fine quality, obtained from Eimer and Amend. It was washed with . 
dilute hydorchloric acid until no potassium, phorphorus, or sulphur was 
detected in the acid extract. Larger pots were not used on accoun| of 
the beginning of this type of experiment, the number of pots needed and 
the individual attention required. The growing period was about two 
months with the exception of the oats which were allowed to ripen. The 
seed was sown on March 15, and the work was carried on in the green- 
house. At the end of a month the plants were thinned out so that there 
were 10 clover plants, 6 oat plants, and 3 rape plants per pot. At this 
time the sulphur and nitrogen were determined in the clover plants 
taken from soil A. The clover and ra^e were cut on June i, the dry 
weight taken, and the total sulphur and nitrogen determined. Twenty- 
five cc. of nutrient solutions containing compounds as given in the state- 
ment on p. 90 were added daily to each pot after growth had started. 



92 


Journal of AgrictUtural Research 


Vol. XVII, No. 3 


Where elemental sulphur and calcium carbonate (CaCO,) were added, 
0.3 gm. and i gm., respectively, of the above substances were mixed 
with the soil or sand in each pot before planting. In the control receiv- 
ing no added nutrients, 25 cc. of distilled water was added. The con- 
centration of the salts per liter of solution were as follows : 

Om. per 
liter, 


Sodium nitrate o. 2 5 

Sodium sulphate 20 

Calcium sulphate 25 


The salts were dissolved in the same solution when more than one salt 
was added to a pot. The sand cultures received the soil extract which 
contained the additional nutrients as required. When the cultures 
required further moisture, the same amount of water was added to each 
of the pots. The soil extract was prepared by thoroughly mixing one 
part of soil with two of water. The solution was allowed to stand over 
night and then filtered through a porcelain filter. The clear filtrate was 
sterilized by boiling for 15 minutes. Analysis of the soil solution as 
given in Table II was made according to a method given by Stewart (25) . 


TABLe II . — Soil constituents found in soil extracts expressed as parts per million of the 
soil extract . , 


Soi!. 

Potas- 
sium oxid. 

Phosphor- 
us pen- 
toxid. 

Sulphate 
sulphur. : 

Total 

sulphur. 

Calcium 

oxid. 

j 

10, 0 j 

3 * ^ 

7-4 

3-6 

3-2 

9. 6 

23.0 

15.0 
22. 0 

BO ' 

19. 8 
7. 2 

3-4 

I. 0 

1 

3. 6 

Ca j 

3 * 2 


i 

1 


® Soil A— boaverdam; soil B— Medford loam; soil C-* antelope-clay.adobe. 
, DISCUSSION OF results 


On examining the data in Table III it is noted that the weight of the 
straw grown on soils B and C and receiving sulphur fertHper is greater 
than where no sulphur was used. An increase in weight of the crops 
is also observed in the sand pots receiving additional sulphur over those 
receiving soil extract plus sodium nitrate. The absence of plant food 
in the original sand and the use of sterilized soil extract shows undoubt- 
edly that sulphur acted directly in promoting this growth. The same 
response of the soil to sulphur leads one to conclude that the' sulphur 
here too has acted directly in promoting the growth. This increase in 
growth is also accompanied by an increase in sulphur content of the oat 
straw. In soil A this increase from sulphur application is not obtained. 
The weight of straw from the pots receiving calcium sulphate, sodium 
sulphate, and sulphur in addition to sodium nitrate is no greater than 
from the one receiving sodium nitrate only. In the sand pots receiving 
added sulphur we find no increase in weight of straw over the one re- 
ceiving no extra sulphur. This is not surprising when the sulphur content 
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of the soil extracts is compared. The soil solution from A contains 
twice as much sulphate sulphur as the soil extracts from B and C and the 
total sulphur is three times as great. Apparently there is enough sulphur 
in the soil solution compared to the other elements for straw production. 
The development of the oat seed as shown in Table IV, agrees very well 
with the weight increases of the straw as shown in Table III. In com- 
paring the growth of the oats on the soils receiving sodium nitrate plus 
calcium carbonate to those receiving sodium nitrate only, the calcium 
carbonate appears to have an injurious ^effect upon growth, bftt in com- 
paring the calcium carbonate-sodium-nitrate-treated soils to those receiv- 
ing sulphur, sodium nitrate, and calcium carbonate, l-he sulphur has 
caused increased growth in all cases. 

Tabi<E lll.—Weighi of oat strayo and its percentage of sulphur and nitrogen on the different 
soils and sand cultures obtained from the different fertilizer treatment 


A. 



Per- 

Per- 



cent- 

cent- 


Weight. 

age of 

age of 

Weight. 


sul- 

nitro- 



I^ur. 

gen. 


Gm^ 



Gm. 

ja. ai 

0. 346 

0. 28 

I. 92 

13 

, 282 

•33 

I. 90 

>2. 22 

■370 

.42 

I. 96 

J 

2. 23 

, 016 

• 17 

I. 41 

}i -83 ^ 


.29 

1-34 

•97 

.143 ' 

.66 

1. 67 


B. 

c. 

Per- 
cents 
age of 
sul- 
phin. 

Per- 
cent- 
age of 
nitro- 
gen. 

Weight. 

Per- 
cent- 
age of 
sul- 
phur. 

Per- 
cent- 
age of 
nitro- 
gen. 



Gm. 



0. 45 

0. 21 

2. 01 

O- 17s 

0. 33 

.42 

. 266 

2. 01 

■ II3 

•33 

•58 

•336 ' 

.476 

1-75 

1.68 

*30 

.005 

. 21 

•54 


. 672 

•63 





■49 

.hos 

• 54 




Calcium sulphate 

Sodium nitrate 

Sodium sulphate 

Sodium nitrate 

Sulphur 

Sodium nitrate 

Calcium carbonate , . . 

Sodium nitrate 

Sodium nitrate 

Calcium carbonate . . . 
No fertilizer 



Extract A. 

Extract B. 

Extract C. 

Treatment. 


Per- 

Per- 


Per- 

Per- 


fer- 

Per- 






cent- 

cent- 


cent- 

cent- 


Weight.' 

age of 

age of 

WrighL 

age of 

age of 

Weight. 

1 age of 

age of 





sul- 

nitro- 


sul- 

nitro- 



phur. 

gen. 


phur. 

gen. 


phur. 

gen. 


Gm. 



Gm. 



Gm. 



Calcium sulphate. 

|l. 69 

0. 16 

I* 30 ^ 

1.73 

0. 21 

0. 92 

I. 62 

0-33 

0. 80 

Sodium nitrate 

Sodium sulphate 

63 


I. 10 

i 

1-57 i 

• 13 

.98 

I- 53 

•34 

.96 

Sodium nitrate 

•30 

Sulphur 

] 









Sodium nitrate 

1-48 

.43 

I. 54 

1.36 

•32 

I. 29 

I. 76 

•39 

•73 

Calcium carbonate , . . ■ 

1. 08 



nitrate 

I- 59 

• 13 

I- 50 

r. 06 

•®I 5 

I. 46 

•05 

I. 70 








AvbcATcrdani soil or sacid; B= Medford loAtn; C“antelopeHiay-adobe. 
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Tabi,^ IV . — Weight of oat seed grown on soil and sand cultures 
[Percentage of nitrogen is given on oats grown in soils A and Ej 


Soil,® 

Saud.<i 

A. 

B, 

c. 

Weight. 


Per- 
, Cent- 
ageof 
nitro- 
gen. 

Weight 

Per- 
cent- 
age of 
nitro- 
gen. 

Weight 

Ex- 
tract A. 

i 

Ex- 
tract B. 

Ex- 
tract C. 

1 Cm. 


Gm. 

1 

Om. 

Gt/f. 

Gm. 

Gm. 

}l. 63 

I. 72 

1.25 

I- 73 

0.83 j 

0. 67 1 

i 

0. 71 

0. 64 

|l. 44 

I. 79 

I. 13 1 

1. 71 

.92 ; 

•77 

•55 i 

.48 

1-45 i 

I. 46 

.96 

1. 79 

.82 

.67 i 

.38 

.72 

J 

I. 62 

1 - 73 

.76 

2.33 

.61 

•55 

■36 

. 26 

06 

1.77 

■52 

2 - 53 

.08 




•34 

2. 29 

.2/ 

2-33 

. 10 





Calcium sulphate . . 

Sodium nitrate * 

Sodium sulphate , . . 

Sodium nitrate, 

Sulphur ,* — 

Sodium nitrate 

Calcium carbonate. 

Sodium nitrate 

Sodium nitrate 

Calcium carbonate . 
No fertilizer 


* A"*beaverdani soil or sand; Medford loam; C=anteIope-cIay-.adabe, 


The results on clover as given in Table V show increased yields in all 
cases where sulphur was added to the soils. This increase is also seen on 
the sand cultures receiving soil solutions from soils B, and C, but not on 
the sand receiving nutrients as soil A. The oats grown on soil A, as on 
the sand receiving extract from A, did not respond to sulphur applica- 
tion, but the clover did respond to sulphur treatment of the soil. How- 
ever, the clover growing on the ^nd and receiving its plant food from 
the soil extract did not show increased growth where sulphur was added. 
Naturally one may attribute this difference to some other factor present 
in the soil which was favorably influenced by the sulphur. Omitting 
this important factor and observing the weights of the dry material grown 
in the soil solution, there appears to be enough available sulphur in 
soil A and in the soil extract to eliminate sulphur as being directly a 
limiting factor as a plant food, while in the other soils the supply of 
available sulphur seems to be limited in comparison to the other plant 
food avail»ble. 

It is probable that the other factors acting here are the legume bacteria 
which are present in the soil but not in the sand. The data in Table VI 
show the increase in weight of the roots where sulphur was used, and 
when the roots were examined the number of nodules, according to esti- 
mate, varied directly as the weight of the roots. The roots of those plants 
grown in the sand, of course, contained no nodules. Another reason why 
the bacteria appear to be favorably influenced by the sulphur is the 
noticeable percentage of increase of nitrogen in those plants grown on 
soil receiving sulphur while the plants grown on sand do not show this 
increase in nitrogen content. For this short period of growth the sulphur 
apparently has a marked influence on the nitrogen content of the clover. 
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Tabi,B V . — Weight of clover and its percentage of sulphur and nitrogen on the different 
soils and sand cultures obtained from the different fertilizer treatments 





A. 



B. 



C. 



Weight. 

Per- 
centage 
of sul- 
phur . 

Per- 
centage 
of nitro- 
gen. 

Weight. 

Per- 
centage 
of sul- 
phur. 

Per- 
centage 
of nitro- 
gen. 

Weight. 

Per- 
pentage 
of sul- 
phur. 

Per- 
centage 
of nitro- 
gen. 

Calcium sulphate I 

Sodium nitrate 

Gm. 

} 3-98 

0. 197 

2. 94 

Gm, 

2. 20 

0. 227 

2. 78 

Gm. 

I. 69 

0. 240 

2. 67 

Sodium sulphate 

M- 06 

. i8i 

2. 93 

I- 37 

. 280 

2.95 

I. 66 

• 205 

3-33 

Sodium nitrate 

Sulphur 

Calcium carbonate 

r 

| 3-89 

. 198 

3. 10 

i.'87 

.234 

3-64 

• 65 


I. 28 

Sodium nitrate 

Sodium nitrate 

Calcium carbonate .... 

J 

3. 76 
li. 48 

.097 

. 012 

2. 32 

I. 98 

•99 

. 61 

■ 056 
• 032 

2- 19 

I. 92 

. 62 

.42 


2. 10 

I. 79 

Sodium nitrate 

No fertilizer 

J ^ 

I. So 

-055, 


•65 

•037 

2. 58 

•49 


I. 62 


Sand.o 


Treatment. 

Extract A. 

Extract B. 

Extract C. 


Weight. 

Per- 
centage 
of ni- 
trogen. 

Weight. 

Per- 
centage 
of ni- 
trogen. 

Weight-B 

Per- 
centage 
of sul- 
phur. 

Per- 
centage 
of ni- 
trogen. 


Gm. 

\ 

2.38* 

Gm, 

0.38 

1.8 

Gm. 

0. 467 

2 . II 

Sodium nitrate 

54 

I. 0 

Sodium sulphate 

}.S8 







1 

2 - 59 

*39 





OiXilUiii lilLiaLt. • 1 • • < ► ^ • « ' » * 

gujpjiuj* 








C^^ilciUOl C 3 .f iDOJl&tC . ^ ■ ■ ■ 

1 -49 

2 - 54 

• 24 

I. 92 

I. 20 

•493 

2. 42 

. . 




00 

omiiuiii iiiipj- * 

.63 

2. 35 

. 22 

I. 90 

• 52 


Calcium carbonate 







So^iuim mtfftt-C 

1 















No fertilizer 






■ 



O A -tipaverdam soil or sand; B=Mediord loam; C=antelope-clay-adobe. 

h Plants were not thinned out. There was no growth in sodium-sulphate sodium-nitrate pot . 


It appears that the sulphur increases the nitrogen content by stimulating 
the activity of the legume •bacteria causing greater iiitrogen fixation. 
The total nitrogen removed, from the sulphured soils is three times as 
great as from thft unsulphured soils. These plants, of course, have grown 
for only two months and whether the mature plant would show this 
same ratio will have to be decided by further experiments. In comparing 
the nitrogen and sulphur contents of the clover grown in soil A at two 
different periods as given in Table VII, there is a decrease in percentage 
of nitrogen and sulphur from May i to June i. Perhaps the percentage 
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of total sulphur and nitrogen would grow less as the plant developed, 
until, at maturity, the nitrogen content would average about the same 
for all the clover grown under the different fertilizer treatments. In 
certain pots, maturity, undoubtedly, would be reached sooner, but allow- 
ing each group to grow until they all reached the same stage of develop- 
ment, it would be of importance to know whether the sulphur had affected 
the nitrogen content and the character of the compounds containing 
nitrogen. Samples of alfalfa grown on sulphur-fertilized soils in Oregon,^ 
as shown in Table IX, have shown a higher nitrogen content than those 
grown on the same soil without sulphur application. Shedd (24) reports 
increase in protein content of soybeans from ammonium-sulphate fertili- 
zer and Ames and Boltz (i) report larger protein content in rape where 
sulphates were in the fertilizer used. In this experiment available 
nitrogen was present in the form of nitrates. It would be of interest 
to know whether by maintaining the sulphate supply an increase in 
nitrogen assimilation from the air could be brought about. 

Table VI. — Weight of clover roots expressed in gtM. grown on the different soils receiving 
various treatments 


* Treatment, 

Soil A.« 

SoUB.a 

Soil C. a 

Calcium sulphate 


a 85 


Sodium nitrate 

j I- 15 

0.44 

Sodium sulphate T 


•36 

.38 

Sodium nitrate 

} *95 

Sulphur 




Calcium carbonate 

j .93 

•49 

. 10 

Sodium nitrate 

Sodium nitrate 

.60 1 

•33 

.x8 

Sodium nitrate 

Calcium carbonate 

1 

.23 

. 10 

No fertilizer 

•SI 

. 31 
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oSoil A=>beaverdiim; soil B—Medford loam; soil,C«aatelope.cIay>adobe. 


Table VII. — Sulphur and nitrogen content at different stages of growth in clover 
grown on soil A 


Treatment, 

Percentage 
of sult^ur. 
May I. 

Percentage, 
of sulphur, 
June 1. 

Percentage 
of nitrc^enj 
May I. 

! 

Percentage 
of nitrogen p 
June I. 

Calcium sulphate 

} 0.^5 





1 0. 197 

3 . 14 

3.94 

Sodium sulphate 

. 26a 

. 181 



Sodium nitmte 

3-57 

3.93 

Sulphur 





’Sodium nitrate 

.360 

1 .198 

3-^4 

3. 10 

Calcium carbonate 

Sodium nitrate 

.086 

1 

.097 

3.80 

3 . 33 

Sodium nitrate 

Calcium carbonate 

} -070 

. 012 

3. 13 

X. 98 

No fertilizer 

- 130 


3. 67 

I.9I 


• 


iRctmor otid Tartar. UaDubllshed data, Oreaon Agricultora! Experiment Station. 
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The rape plant did not show this general response to sulphur treatment 
like the other plants, for in several instances the growth is greater in those 
pots receiving no sulphur. However, if a comparison is made between 
the soil and sand pots receiving sodium nitrate and those receiving sodium 
nitrate plus sodium sulphate, it is observed from the data in Table VIII 
that increased growth has resulted from the addition of sodium sulphate 
on both the sand and the soil. The growths of rape on ‘the soils and 
their extracts parallel each other very well. The rape grew very poorly 
on the extract from soil C, so no data are given. Where a comparison 
is made on the growths of the crops on the different soils they do not 
follow the same order, and the sulphur and nitrogen content do not 
show the same change from the different fertilizer treatments; but the 
rape grown in pots receiving sulphur, sodium nitrate, and calcium carbo- 
nate has a higher percentage of sulphur than that grown in the other 
pots, yet the total sulphur removed is not much larger. The plants 
grown on the sand have higher percentages of nitrogen and sulphur 
but the total sulphui^and nitrogen removed is no greater than for those 
plants grown in the soil. 

The total sulphur present in plants is far greater where sulphur ferti- 
lizer was used. On account of the small amount of material, the sul- 
phate sulphur was not determined so that it is not possible to tell whether 
the organic sulphur was increased. Analysis, in this laboratory, for 
organic sulphur and sulphate sulphur in alfalfa hay grown on soils receiv- 
ing 300 pounds of sulphur per acre and on the same soils receiving no 
sulphur fertilizer as given in Table IX shows that the organic sulphur was 
increased by the application of sulphur. Shedd (24) found an increase in 
organic sulphur in soybeans from the use of ammonium sulphate fertilizer, 

Tabi,® VUI . — Weight of rape and its percentage of sulphur and nitrogen on ike different 
soils and sand cultures 


Soil 




A. 



B. 



c. 














Per- 

Per- 

1 

i 

Per- 

Per- 


Per- 

Per- 


WeighL 

centage 
of sul- 

centoge 
of nitro- 

Weight. 

ceatage 
of sul- 

centage 
□f nitro- 

Weight 

centage 
of sul- 

centage 
of nitro- 



pbiir. 

gen. 


pbur. ^ 

gen. 


t)hui. 

gen. 


i 

Gm. ] 



Gm. 

• 


Gm. 



Calcium sulphate 

Sodium nitrate 

■I. 81 

0 * 75 

1-39 

I- S 7 

b. 66 

0.903 

1 . 98 

0. 61 

I. 06 

Sodium sulphate 

Sodium nitrate 

-z. ga 

•SO 

I. 65 

2. 26 

♦55 ^ 

.990 

2.31 

.65 

•99 

Sulphui 

Sodium nitrate 

X.03 

I. ig ] 

I. 29 

1. 89 

. 80 

1.47 

I- 73 

.81 

I. 74 

Calcium carbonate .... 




1 


Sodium nitrate 

1. 46 

-057 

I- 57 

I. 79 

.024 

1*43 

1.98 

i 

I. 36 

Sodium nitrate 

Calcium carbonate .... 

}i.89 

.051 

.8f 

r. 61 

.017 

t- 4 S 

-59 

1 

3.00 

No fertilizer 

• 7 ^ 

i 

. 236 ' 

j 1, 18 

i ‘75 

1 

.022 

1 1 

I. 24 

•30 


X. 20 


a A— beaverdam sdl and sand; B-* Medford C>«atitelope<lay-adobe. 
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TABte Weight of rape and its percentage of sulphur and nitrogen on the different 

soils and sand cultures—ConihiVL^d, 



Sand .a 


1 Extract A. 

1 Extract B. 

Treatment. 








Per- 

Per- ! 


Per- 

Per- 



Weight. 

centage 
of suI* 

centflge 
of nitro- 

Weight. 

centage 
of Slj- 

centage 
of nitro- 



pbur. 

gen- 


phur.‘ 

gen. 


Cm, 


i 

Om. 



Calcium sulphate 

I 






Sodium nitrate | 

88 

I- 13 1 

3 - S 3 

0-73 

0.90 1 

3-75 

Sodium sulphate ( 

Sodium nitrate 1 


•93 

2-35 

.63 

1.40 

3-38 

Sulphur i 

Somura nitrate j 

l-So 

' I. 29 

S. 29 

•35 


5 - 58 


•25 


4. 00 


.or 

4-31 



Sodium nitrate 

Calcium carbonate ' 




J 






No fertilizer I 


1 1 





a A’=beaver(Jam soil and sand; B= Medford loam; C= antelope-clay-adobe. 


Petersen (rp) in an analysis showing different forms of sulphur in plants 
found more organic sulphur in clover, rape, and radish where sulphur was 
present in the fertilizers used, and Ames and Boltz (j) report increase of 
organic sulphur in rape where sulphates were applied to the soil. These 
results and the increase in nitrogen content support the idea that main- 
taining a sufficient supply of sulphate sulphur and available nitrogen in the 
soil would tend toward more protein or other sulphur organic-compounds 
being formed in the plant. The sulphur content is generally increased 
wherever sulphur fertilizer is added. The sulphate radical is in combi- 
nation with some other radical and the quekion arises whether the mineral 
content or ash of the plant is not increased %y this noticeable increase 
of sulphate sulphur. If sulphur is applied as sodium sulphate will the 
sodium content of the plant be increased or if calcium sulphate is used 
will the calcium be absorbed by the plant? 


Table IX . — Percentage of total sulphur, sulphate sulphur, organic sulphur, and total 
nitrogen in alfalfa grown c>i sulphured and unsulphured portions of three different 
Oregon soils 


Soil. 

: 1 

* Treatment. 

1 1 

Total ' 
sulphur. 

Sulphate 

sulphur. 

Organic 

sulphur. 

1 

Total 

nitrogen. 

I. . . 

Sulphur 

0. 227 \ 

a 0603 

a 167 

3.51 


No sulphur I 

. 127 i 

None. 

. 127 

3 . 22 

2. . . 

Sulphur j 

.167 

.0356 


2. 16 


No sulphur . 

.118 

None. 

. 118 

2. 01 


Sulphur 

1 ' . 200 1 

•059 

. 141 

2.38 


No sulphur. 

j - 1 

None. 

. 118 

2.09 





June i6, 1919 Sulphates Affecting Plant Growth and Composition ^ 99 


Soil B responds to sulphur treatment in these pot tests while in the 
field elemental sulphur caused no increase in production. In the analy- 
sis of the soils in Table I soil C contains calcium carbonate, while B 
does not. It may be that the sulphur was oxidized in the field as 
in these pot tests, but as no base was present to combine with the sul- 
>phuric acid, the latter interfered with the gro^vth. In C, calcium carbo- 
nate was present which neutralized the acidity and promded sulphates 
which produced the beneficial effects. Data in Table X show the differ- 
ence in sulphate content between the soils receiving calcium carbonate and 
sodium nitrate compared to those receiving the above named compounds 
plus sulphur. The results show that the elemental sulphur was oxidized 
to the sulphate form, furthermore, no weighable quantities of barium 
sulphate were obtained from the water extracts of the unsulphured soils, 
showing a deficiency of sulphate sulphur for immediate plant use. The 
rate of sulphofication appears to be greater in the beaverdam soil than 
in the other soils containing less organic material. While soil A has a 
high sulphur content and also readily oxidizes elemental sulphur, it gave 
a noticeable response to sulphate teatm^t when clover was grown. 


Table X . — Sulphur as sulphate in the water extract from 40 gm. of soil A and 80 gm. 
each of B and C after growth of plants 

[Weight in milligrams) 


Treatment. 

SoUA.o 

i 

Soil B.<J 

Soil C.® 

Clover. 

Oats. 

Rape, 

Clover. 

Oats. 

Clover. 

Oats. 



] 



j , 




Calcium carbonate . . . 
Sodium nitrate 

\ 21.9 

34-4 

25-9 

4. I 

10. 8 

10.3 

XI. 2 

Calcium carbonate — 
Sodium nitrate. ...... 

I None, 

Noge. 

None. 

None. 

None. 

None. 

None. 









{ 


fflSoil A-bcaverdam; soil B^Medlord loam; soil C= antelope-clay-adobe. 


It is realized that the experiments conducted here have not been on a 
large scale and the conditions are not comparable to those in the field. 
No general conclusions can be made, but what conclusions arc drawn 
apply only to the limits of this experiment and based upon conditions 
of this work where each individual case can be compared to the other. 
This work will be repeated on a larger scale and expanded so as to 
answer some of the questions which have arisen during this experiment. 

SUMMARY 

I. Pot experiments to show the effect of sulphur fertilizers — namely, 
sodium sulphate, calcium sulphate and sulphur on red clover, rape^ and 
oats were carried with three different soils, including one with a high 
sulphur content, one that did not respond to elemental sulphur in the 
field, and one that did. 



Journal of Agricultural Research 


Vol. XVII, No. 3 


I(X^ 


2. To eliminate the sulphur compounds acting upon the insoluble 
plant food and soil organisms, these plants were also grown on sand 
receiving the sterilized soil extract and certain pots received the addi- 
tional sulphur fertilizers as the soil. 

3. Sodium sulphate and calcium sulphate were added daily in solu- 
tion form. The elemental sulphur was mixed with the soil and calcium 
carbonate at the time of sowing the seed. 

4. Sodium nitrate solution was added daily to eliminate available 
nitrogen as a limiting factor of growth and also to determine what effect 
sulphates would have on nitrogen assimilation by the plant, 

5. The plants were grown for two and one-half months and the dry 
weights of the tops were recorded. The total sulphur and nitrogen was 
determined in the majority of cases. 

CONCLUSIONS 

1. Addition of sulphate and elemental sulphur enhanced the growth 
of the plants grown in pots in the greenhouse. 

2. The corresponding increases obtained on the soil extracts indi- 
cated that sulphur acted directly in promoting this growth. 

3. The great increase in the nitrogen content of the clover grown on 
the soil where sulphates had been added is the result in all probability 
of the sulphates stimulating the action of the legume bacteria. 

4. Sulphates caused increased root development and number of 
nodules on the clover grown in the soil pots. 
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PLATE 9 

A. — Clover on soil A. The top row, reading from left to right, shows the soil pots 
which received the following fertilizers: 

Pot I, calcium sulphate, sodium nitrate; pot 2, sodium sulphate, sodium nitrate; 
pot 3, sulphur, sodium nitrate, calcium carbonate; pot 4, sodium nitrate; pot 5, 
sodium nitrate, calcium carbonate; pot 6, no fertilizer. 

The lower row, reading from left to right, shows the sand pots which received the 
following fertilizers: 

Pot 7, calcium sulphate, sodium nitrate; pot 8, sodium sulphate, sodium nitrate; 
pot 9, sulphur, calcium carbonate, sodium nitrate; pot 10, sodium nitrate, 

B. — Clover on soil B. The top row, reading from left to right, shows the soil pots 
which received the same fertilizers as in series A above. The lower row, reading from 
left to right, shows the sand pots which received the same fertilizers as in series A. 

C. — Clover on soil C. The top row, reading from left to right, shows the soil pots 
which received the same fertilizers as in series A. The lower row, reading from left 
to right, shows the sand pots which received the same fertilizers as in series A. 
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Plate 10 
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PLATE 10 


A. — Rape on soil A. The top row, reading from left to right, shows the soil pots 
which received the same fertilizers as in Plate 9, series A. The lower row, reading 
from left to right, shows the sand pots which received the same fertilizers as in pots 
in Plate 9, series A. 

B. — Rape on soil B. The top row, reading from left to right, show^s the sand pots 
which received the same fertilizers as in pots in Plate 9, series A. 

C. — Rape on soil C. The soil pots, reading from left to right, received the same 
fertilizers as in pots in Plate 9, series A. 



PLATE II 

A. — Oats on soil A. The soil pots received the same fertilizers as in pots shown in 
Plate 9, scries A. 

B— Oats on soil B. The soil pots received the same fertilizers as in pots shown in 
Plate 9, series A. 

C. — Oats on soil C. The st^il pots received the same fertilizers as in pots shown in 
Plate 9» series A. 
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PLATE 12 


A. — Oats on sand cultures from soil A. 
as in pots shown in Plate 9, series A. 

B. — Oats on sand cultures from soil B. 
as in pots shown in Plate 9, series A, 

C. — Oats on sand cultures from soil C. 
as in pots shown in Plate 9, series A. 


The sand pots received the same fertilizers 
The sand pots received the same fertilizers 
The sand pots received the same fertilizers 




RELATION OF WEATHER TO FRUITFULNESS IN 
THE PLUM' 


By M. J. DoRS^y 

Head of Section of Fruit Breeding, Agricultural Experiment Station of the Vnrverniy 
of Minnesota 

Under suitable growing conditions the plum tree is remarkable for the 
uniformity with which it annually produces a crop of flower buds. 
Bearing a full crop of flower buds annually, however, does not insure a 
full crop of fruit annually; therefore, it is evident that a considerable 
number of flowers fail to set fruit.^ From the standpoint of fruit pro- 
duction, thinning, up to three-fourths of the bloom, is actually beneficial, 
but beyond this the margin is approached where the thinning process 
reduces the yield and there is economic loss. The status of setting in 
controlled crosses known to be fertile under tents was similar to that 
in the orchard generally. THs general (jondition led to an attempt to 
isolate those factors of the weSher influencing the setting of fruit which 
result in such great differences as a complete crop failure one year 
and an overproduction of fruit another. 

The elements of what is commonly known as “weather” which have 
a bearing upon pollination and fertilization are wind, temperature, 
sunshine, and rain. The combinations of these most favorable to the 
setting of frtflt are sunshine, a relatively high temperature, slight or no 
wind, and an absence of rain. It is apparent that certain weather con- 
ditions, good and bad, go together, but temperature and rain are undoubt- 
edly the most important elements considered from the standpoint of 
the setting of fruit and will be given greatest emphasis. 

The following statements may be regarded as fairly typical of the 
conception of the influence of unfavorable conditions at bloom. Cold 
weather, rain, poor locality, and severe cold winter weather are men- 
tioned by Goff (4) ® as inhibi|^ng fruitfulness. Bad weather at flowering 
time has an “injurious influence on fruitage” by keeping away insect 
visitors and affecting the fecundation of the flowers (15). Damage to 
flowers by wind, hail, rain, insects, and fungi are commonly mentioned. 
Lord (ii) states that all varieties when in bloom are extremely sensitive 
to cold or wet weather. Heideman (9) notes that ample cross-fertiliza- 

* Published, with the approval of the Director, as Paper 163 of the Journal Scries of the Minnesota Agri- 
cultural Experiment Station. 

* “Setting of fruit’' is a term in common use among fruit growers. In general, it is used in referring 
to the number of pistils which are swelling or “setting” six weeks or so after bloom. A distinction is 
made in common usage between the percentage of fruit to set and the percentage of a crop, in that the 
latter ft used in speaking of mature fruit. 

•Reference is made by number (.iialk) to “literature dted,” p, 125-136. 
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tioti does not prevent great differences in the crop from year to year. 
Some growers hold that there is a good fruit crop only during seasons 
with favorable weather for bees at blooming time. Hedrick (7) analyzed 
the weather records of New York with respect to fruit production and 
showed that in general unfavorable weather is the dominant factor in 
crop failures. In fact, for a long time fruit growers have recognized 
certain weather combinations as detrimental to or prohibiting the 
setting of fruit. 

If weather is to be assigned such an important r 61 e in relation to fruit 
fulness, the question arises as to the significance of the great variation 
in the time of bloom from year to year. Kor instance, plums hav§ 
varied nearly one month in the time of flowering at the Fruit-Breeding 
Farm in the last seven years, the earliest bloom in this period beginning 
April 24, 1915, and the latest May 20, igi6. The cause for such a varia- 
tion in time of bloom should not be assigned entirely to the weather 
of early spring, because Sandsten (i 5) found, upon analyzing the bloom- 
ing records at Madison, Wis.,<that the toe of flowering was influenced 
more by the growing conditions of the preceding summer and fall than 
by those of the spring. In Plate 15 the prevailing weather of early 
spring when plums are in flower is presented in some detail. It will be 
seen from the analysis presented in these graphs that cool weather and 
frequent rains can be expected in Minnesota for a period of even greater 
length than that covered by the greatest extremes in the time of bloom. 
Therefore, inasmuch as a range in blooming time of as*much as one 
month has not meant an escape from periods of unfavorable weather, 
early or late blooming does not necessarily hatre a constant relation to 
fruitfulness. 

The period of 10 days after bloom was selected (PI. 15) because it covers 
for the most part the time of fertilization. In only 10 instances out of 
142 did the minimum temperature occur in the day and the maximum 
at night, so that the curve of maximum temperature may be considered 
as the day temperature and that of the minimum as the night tempera- 
ture. In the graph for each season the period of bloom is indicated by 
the lighter shaded portion between the maximum and minimum temper- 
ature curves. In the case of wind and the character of the day (sun- 
shine or cloudiness) a i2'hour day was taken because of the bearing of 
wnd and sunshine on bee flight. The date in the graph is located in the 
midpoint, which is 12 m. The short, broken-line curves indicate the 
wind velocity during the daytime only, i. e., from 6 a, m. to 6 p. m. 
The legend is at the right of the graph. The character of the day is 
shown by the shading at the base of each graph; the dark bar represents 
the portion of the day which was cloudy, the cross bar that which was 
partly cloudy, and the white the time of sunshine. A dotted line is 
drawn through each graph at the 40° and 51° F. points, the former 
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being the point Goff (5) found that plum pollen did not germinate and 
the latter the temperature of slow tube growth. 

Since the weather at the Fruit-Breeding Farm has not, been recorded, 
this analysis is made from the records furnished by Mr. U. G. Purssell, 
of the United States Weather Bureau, at Minneapolis. 

EFFECT OF UNFAVORABLE WEATHER ON THE SETTING OF FRUIT 

It has been a matter of common observation among fruit growers that 
when the blooming period is accompanied by a prolonged rain there is 
generally a light setting of fruit. Halsted (6), in an attempt to deter- 
mine the cause of this, performed an experiment in which an apple tree 
was kept wet with a spray of water for six days while in bloom. The 
weather was fair during the expariment. The sprayed tree failed to set 
any fruit, except in a few instances on the upper branches, while the 
surrounding trees of the same variety set full. 

Beach and Fairchild (j) performed a similar experiment with a Mount 
Vernon pear tree and a Duch^s grapevine. The pear tree subjected to 
a spray for nine days bore a single fruit. Pollen taken from “fresh 
anthers” on the 6fth day and placed in a sugar ^lution proved to be 
“perfectly capable” of germination. Many of the stigmas examined 24 
hours after the experiment began were found to be “dusted with pollen,” 
although no insects had been seen near the tree. After the close of the 
experiment many anthers opened and shed an abundance of pollen. 

In the case of the Duchess grape, althouglj the 12 days’ treatment did 
not cover the entire period of bloom, the treated vines bore many aborted 
berries, but on none of the clusters were all of the berries aborted. Also, 
the average size of the fruig was reduced approximately one-half. 

In these experiments the conditions which generally accompany a pro- 
longed rain were not duplicated exactly, and consequently other factors 
may have entered, into the results obtained. However, a constant spray 
was effective in preventing fruitfulness in the apple and pear, and even 
in the case of the grape sufficient pollination to account for the setting of 
fruit which took place may have occurred after the water was turned off. 

It will be of interest here, after a review of the experiments of Halsted 
(6) and of Beach and Fairchild (j), to include a statement concemiAg the 
percentage of fruit to set in a plot of Surprise seedlings at the University 
Farm in ordef to show the general effect of unfavorable weather. All 
trees bloomed heavily during the seasons of 1917 
reason present an excellent illustration of the effect of weather upon the 
setting of fruit. These seedlings are about 13 years old, fairly utuform 
in size, and are growing under clean cultivation.* It would appear that 
ample pollination would take place if the weather were favorable, be- 
cause these seedlings are located within less than a quarter of a mile of 
the University apiary of about 100 colonies. In general it may be 
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stated that during both seasons conditions were unfavorable for insect 
flight. The weather conditions at time of blooming for these two seasons 
are shown in ipiate 15. 


Tabz^ I . — Comparison of fruit setting in an orchard of 226 Surprise seedlings during 
the iw relatively unfavorable seasons of jgiy and igi8 ^ 



Range in percentage of fruit to set in 1918. 

Total 

Ranee in peroeotage oi fruit to set in 1917. 

0 

1 

5 

10 ' 

20 

30 

number 
of trees. 

0 

NumUr 
of trees. 

1 

Number 
of trees. 

Numberl 
of trees. 

Number 
of trees. 

J’ ? . 

Number 
of trees. 


1 


8 

• 





20 

so 

5 

6 



6 


10 


^3 i 
22 

61 



3 

20 


12 


14 

35 

78 

32 

7 

30 

12 

...... 

40 


9 j 


3 < 

3 

3 


0 

^ 1 





Total number of trees 

50 

At 

31 


26 


226 



^0 



> The percentage set is based upon the total number of flowers borne. Each tree is placed in the table 
with relcrence to the percentage of fruit set in 1917 compared with that in 1918. Eor instance, in igi? there 
were 78 trees in which ao per cent of the flowers set, but in 1918 the set on these same trees ranged frtun o to 
ao per cent. 

The data are presented in the form of a correlation table in order to 
show the influence of heavy fruiting during one year upon the crop the 
succeeding year. Accordingly, each tree is placed in the table with 
reference to the percentage of fruit set in 1917 compared with that set 
in 1918. 

Three things are outstanding in Table (i) The heavy settiUg or 
bearing of 1917 was shown to have no distinct influence on the succeeding 
crop in 1918; (2) there was a heavier setting in 1917 than in 1918, the 
relative number of trees setting below 20 per cent being 109 and 189, 
respectively; and (3) since by actual count it was determined in the 
6-weeks period after blooming that only one pistil in four set or persisted 
on those trees bearing what was arbitrarily regarded as a ‘*full set/' it 
will be seen that many of the trees set an unusually small number of 
fruits, too few, in fact, to produce a full crop after allowing for subse- 
quent loss. This condition is not unusual in the plum when blooming 
time is accompanied by unfavorable weather. The ligfit set in those 
trees which produced nomial flowers in abundance presents a condition 
quite similar to that which prevailed both seasons in a number of standard 
varieties and other seedlings under cultivation. In Plate 13, A and B, 
the contrast between the number of flowers borne and the fniit to set is 
shown. 
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ANALYSIS OF WEATHER AT BU)OMING TIME 

With weather apparently having such an important bearing upon the 
setting of fruit, as is indicated in the spraying experiment and in Table I, 
a more detailed analysis of weather has been made during blooming time 
and for 10 days after, with the object of determining whether there are 
certain conditions each season which can be singled out as prohibiting 
a set of fruit. At the outset it should be stated that there are factors 
which operate beyond the 20-day period to reduce the crop. Neverthe- 
less, there are influences entering during blooming time which do not 
operate in the same manner anywhere else in the life cycle. As a result 
of the sum total of these influences a sufficient number of pistil^ have or 
have not set, as the case may be, at the 5- or 6-week period to determine 
definitely the prospect of a crop. 

WIND 

The experiments of Waugh (76) show that no fruit set from wind- 
carried pollen when insects were excluded by a covering of coarse mos- 
quito netting. Further tests (i5) with microscopic slides covered with 
vaseline, to which pollen adheres, show-ed that when the slides were 
placed at various heights and distances from trees in full bloom on bright 
sunny days even a direct wind did not carry sufficient pollen to bring 
about effective pollination at a distance equal to that from one tree to 
another. Wind pollination, therefore, may be regarded as insufficient, 
even under the most favorable conditions. 

Pollination under orchard conditions is affected by windy weather, 
however, especially when prolonged, if insect visits are prevented. Dur- 
ing a strong wind, rain, cold, or cloudy weather, conditions are such that 
insect activity is reduced to a minimum. Waugh (76, 17) shows that 
honey bees, of the 30 or more species of insects found to visit the plum, are 
( 16 , p. 247) nearly always the most active workers, and the ones which, 
by the character of their operations in the flower, may be held chiefly 
responsible for the proper distribution of pollen?” These results are con- 
firmed by Backhouse (7). * Wind, therefore, may be regarded as having 
more of an indirect than direct bearing upon the,setting of fruit, since 
pollen is not wind-carried in quantities sufficient for ample pollination. 
The influence upon bee flight, however, may be serious at certain times. 

The curve for wind in Plate 15 runs through the point of hourly wind 
movement from 6 a. m. to 6 p. m. While the average wind movement 
considered aside from sunshine and the character of the day is of little 
significance, it shows what may be expected at this time of year in Min- 
nesota. The average wind movement per hour, within the above limits, 
for 7 years was approximately 15 miles, while the average of the extreme 
wind movement recorded, within the same limits, for the 7-year period 
was near 19. The extreme movement recorded was 38 miles. Assum- 
ing that a wind of 25 miles per hour approaches a conditipn where bee 
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flight is hindered, it be seen from Plate 1 5 that wind alone is not gen- 
erally prohibitive of bee blight, but that at certain critical times, as on 
April 28 and 29, 1915, following a period of cloudy weather with fiequent 
rains, it may become important-more so, in fact, from the standpoint 
of insect flight than from that of mechanical injury to flowers. 

In addition to the considerations noted above, wind has a general dry- 
ing effect upon the flower parts. Dehiscence is quickened and petals 
drop earlier. There is, however, no marked drying noticeable in the 
stigma during early receptiveness, but late in the receptive •period stigmas 
can be found which appear distinctly dry even before the stigmatic cells 
are dead. Since the absorption of stigmatic fluid is no doubt the first 
act in gefmination the drying effect of wind upon stigmas may be re- 
garded as much more critical late in receptiveness than earlier, especially 
in view of the more unfavorable conditions for tube growth, if pollination 
has been delayed. 

TEMPERATURE 

Temperature is primarily of interest in this connection from three stand- 
points; (i) Its direct effect upon pollen or pistil, (2) its influence upon 
pollen- tube growth, and (3) its interference with bee flight. From Plate 1 5 
it will be seen that there are many periods of low temperature during 
blooming time which are occasionally accompanied by frost. With ref- 
erence to direct injury, it will be interesting to record here the damage 
to flowers at two distinct stages of growth. 

On the night of April 19, 1918, a freeze occurred at the Fruit-B reeding 
Farm, when the petals were just showing in the earliest blooming varie- 
ties. There was no injury to pollen or pistil, but as many as one-half of 
the petals were killed on some of the varieties. These bloomed, however, 
at the usual time, and the small dead petals persisted, while those not 
killed underw^ent the usual enlargement. 

This freeze was followed by another on May 12, one week after bloom- 
ing, when the flowers were further advanced. But this time all stigmas 
were dead on the varieties which had bloome^ earlier. The calyx tube 
was still persistent, as there had not as yet been sufficient pistil growth 
to break it except in tWo varieties of Prunus nigra. Although generally 
there was little injury to pistils at this stage, different varieties show^ed 
considerable differences in the degree of injury. On Stella, growing in a 
low location, approximately 65 per cent of the pistils were killed, and on 
Minnesota No. 21 (Burbank X Wolf), adjacent, there was less than i per 
cent. Where injury occurred the entire pistil was killed, and in two days 
it turned black, dried rapidly, and dropped a few days later at the pedicel 
base. On the higher locations there was no injury to any of the varieties. 
Compared with the region in Utah in which Ballantyne (2) studied frost 
injury, frosts do not appear to bear such a vital relation to fruitfulness in 
Minnesota. 
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Pollen taken from flowers in which the pistils were killed appeared 
normal in color and in content when obser\^ed in a mount of lactic acid. 
Its viability, however, was not tested, but judging from appearances 
this freeze injured pollen much less than pistils. 

Goff (5) shows that plum pollen was not destroyed by a short exposure 
to freezing temperatures. Sandsten (14) tested this point further and 
found that when plum pollen was exposed to a temperature of 29,3° P., 
56 per cent germinated, compared with 62 per cent in the check, which 
was not exposed to the freezing temperature. He also found that the 
time required for germination was increased one-half as a result of the 
influence of the low temperature. On the other hand, 2t plum pistils 
exposed to the same temperature for six hours were all killed except two, 

The action of low temperatures in retarding pollen-tube growth is no 
doubt one of the primary factors in the failure of fruit to set. The exper- 
iments of Goff (5) show that plum pollen does not germinate at tem- 
peratures below 40° F., and even at temperatures as high as 51*^ F. that 
there is slow pollen-tube growth. A dotted line is drawn through the 
graph for each year in Plate 1 5 at these two points. The extent to which 
the curve for the minimum temperature extends below the Ime where 
pollen-tube growth does not take place shows that in some sea "ns, as in 
1915, a prolonged cool period following blooming may be the principal 
cause of the failure of fruit to set. 

With reference to the influence of temperature upon insect flight, it 
appears that a definite point can not be selected below which activity 
ceases. Furthermore, temperature can not be considered separate from 
wind, rain, and sunshine. Recent investigations upon the honey bee, 
which is the chief pollinizer of the plum, however, show something of its 
response to temperature. Phillips (12) st,ates that 57° F. is “the lowest 
temperature which normal bees ever experience in the hive.” At air 
temperatures below this immediately surrounding the bees in cold 
weather, they begin to cluster. Kenoyer (ro) in reporting the data col- 
lected over a 29-year period by J. L. Strong at Clarinda, Iowa, shows that 
only I per cent of the total honey produced for that period was collected 
when the temperature was below 70° F. compared with 53 per cent when 
the temperature ranged between 80° and 90° F. Nevertheless, this does 
not deal directly with the point as to what temperature prevents- the 
pollinating activity of bees on plums in early spring. 

The opinions of two bee men regarding the lower temperature in which 
bees will fly are as follows: 

The normal temperature for bees to take flight is 46° F. This temperature is i 
degree to 2 degrees lower for Camiolan races and up to 3 degrees lower after long 
confinement^ The individual bee can continue muscular movement only so 
long as the temperature of the body does not fall below 45° F., but a,t this 
temperature it loses its power of movement, {is, p. 59') general bees will not 


» Letter from Prof. Prances Jaeger, University Farm, Dec. 51. 1918. 
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fly from the hive until the temperature is about 60* F. unless they are inpelled to fly 
by a long period of confinement resulting in an accumulation of feces. ^ . 

The minimum temperature curves in Plate 15 show that there are 
only relatively short intervals when the temperature is below 50^^ F, 
It would appear that if bees were present in sufficient numbers, other 
conditions being suitable, ample pollination would undoubtedly take 
place, at even short intervals of favorable weather. 

SUNSHINE 

Sandsten (14) showed that while sunshine had a direct influence upon 
fertilization in the tomato, it had none in the plum. Judging from his 
experimeifts, sunshine appears to have its chief bearing in this connection 
upoM such factors as insect flight and general plant activity, particularly 
nectar secretion. Kenoyer states (ro, p. 21) that “clear days are 
preeminently the days for honey production.” From general observa- 
tion of bee activity on plum bloom, the same may be said regarding 
pollination. As will be seen later, however, pollen is most readily avail- 
able for dissemination in dry, sunny weather when bees are most active. 

The l^al hours of sunshine during blooming are less than might be 
expected. The character of the day is indicated in Plate 1 5 at the base 
of the graph for each year by the shading. For the 7-year period there 
has been, while plums were in bloom, an average of only 49 hours of 
sunshine each season, compared with an average of 56 hours of cloudiness. 
The minimum was reached in 1916, when there were only 27 hours of 
sunshine. Alone, however, the absence of sunshine does not prohibit 
the setting of fruit. 

RAIN 

On account of the nature of the processes taking place at blooming 
time, rain has the most immediate action of all of the factors of weather. 
The fact that the period of polUnadon is so limited in the plum makes 
it possible for rain to delay normal functioning to an injurious extent. 
Furthermore, the stigma is exposed to weather during the limited time 
it functions. It will be seen, therefore, that rain may influence processes 
\Aich, on account of the structure of the organs coneemed, must function 
when more or less exposed. 

eEPPEct of rain upon DSinSCENCS 

A study of the bloom in the orchard during a heavy and prolonged 
rain showed that the stamens were drawn together and held in a cluster 
about the pistil by a large drop of water. This was typically the con- 
dition in the absence of wind and in protected locations. The added 
weight of water held in this way resulted in a drooping of the branches, 


• Personal correspondence with E. F. Phillips of the U. S. Department of Agriculture, Bureau of Euto- 
mology, Deq. a6, 1918, 
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and a large part of the water dripping from the tree fell immediately 
from the stamen cluster. When the style was the same length or shorter 
than the stamens, the stigma was completely immersed in water. In 
cases where the style was considerably longer than the stamens, the 
stigma projected from the drop, especially in positions where the pistils 
pointed upward. 

During the period of drying after a rain, when the water holding the 
stamens and pistils is partly evaporated, the anthers break up into 
groups, each group, however, being still held in water. Gradually, upon 
further drying, the groups break up, and the anthers assume their normal 
position in the flower. 

In order to study anther action more in detail at the time of rain, a 
limb which had been in bloom for three days was cut from a tree during 
a heavy rain and brought into the laboratory, the temperature of which 
was about 68° F. All anthers were closed when first brought in, but some 



Fig. I,— An outline drawing of an anther of Minnesota No. la, showing the adiustjnent which takes place as 
a result of taking up or giving off water: A, an anther which has been open in the orchard lor three days; 
B, the sajne with the anthers pushed up to show the dead area at the upper end of the filament; C, the 
appearance of the anther after two minutes in water. The anthers are completely closed and have 
reached their usual size; D, the degree of opening okone suture of the same anthers In 8 minutes when 
exixjsed in the laboratory at a temperature of 70“ F. ; E, the same anther at the end of 12 minutes' drying. 

opened completely in lo minutes under the conditions in the laboratory. 
When these anthers which had opened were again placed in water they 
closed in two to three minutes. 

Furthermore, anthers*which had been open for approximately 3 days 
and from which all of the pollen had been shed, when placed in water, 
closed up and in some trials swelled to the usual size in as short a time 
as 2 minutes (fig. 1 ) . Other tests showed that when unopened anthers 
were kept in water for 2 weeks there was a slight breaking of tissue at the 
suture but no dehiscence. On the other hand, anthers which had once 
dehisced and from which the pollen had been shed closed at once when 
placed in water and remained closed during the 2 weeks of the test. 
Opened anthers held for 4 days in a saturated atmosphere under a bell jar 
did not absorb sufficient moisture to close them; and the experiments of 
Goff (5) showed that plum anthers did not open in a saturated atmosphere 
under a bell jar in 56 hours at a temperature of 651° to 70° F. Goff (5) 
also showed that in a dry atmosphere low temperatures (about 51® 
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retarded but did not prevent anthers from opening. This shows clearly 
the relation of dehiscence to water. 

The fact that empty anthers close during a rain and open afterwards 
probably has been the basis for the popular conception that rain washes 
pollen away. 

With this statement, then, of anther action in relation to water, the 
question arises as to what extent rain removes pollen from anthers which 
have just dehisced. In investigating this point a branch of flowers was 
brought into the laboratory, and after the anthers opened it was stirred 
vigorously for 8 minutes in a pail of water. All anthers closed com- 
pletely during the time of stirring. The larger part of the pollen lost 
occurred with the first impact with the water. After this treatment it was 
estimated that those anthers which were open before being put into the 
water still contained, when they opened again, from one-quarter to two- 
thirds of their pollen. These results agree with observations made in 
the orchard both during and after a rain. 

The effect of rain in washing pollen away, even in the quantity noted 
above, is partly modified by the unevenness of anther opeping, there 
being in some cases as much as 3 days’ difference between the first and 
last opening of anthers. The unopened anthers have a light yellowish 
color in contrast to the water-soaked appearance of those which have been 
closed by rain. 

These observations show that anther action is a reversible process and 
is controlled by water. The presence of the anther sap until the maturity 
of the pollen creates an internal condition unfavorable to dehiscence. If 
dehiscense takes place only after sufficient drying, thefe must be an inter- 
nal control of water as well as a means for external loss. These two con- 
ditions are met by a breaking of tfte epidermis at the suture and by the 
drying or death of the cells of the filament at the point of union with the 
anther where there is a pronounced constriction of the filament. At this 
point the cells typicall}^ turn brown before dehiscence, a condition which 
suggests an early cutting off of water. The browning slowly extends 
down the filament and at the time the petals fall*, 3 to 4 days after bloom- 
ing, the filament is dead for a distance of i to 2 mm. 

Under, some conditions pollen is shed more quickly than under others. 
When anthers of Surprise were allowed to open in a dry, still room at 
about 72° F., at the end of four days pollen had not been shed except in 
very small amounts. This was due partly to the adhesive action of a 
yellowish, oily substance about the pollen grains which is chamcteristic 
of s6me varieties, and partly to the absence of wind. The persistence of 
^llen IS further shown by specimens of Surprise grown in the green- 
house, which, at the time of abscission of the calyx tube, 10 days after 
bloommg, still had an abundance of pollen present. But in some 
varieties with sticky* pollen, under orchard conditions as much as one- 
half may still be present at the time the petals drop. On the other hand, 
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in soine varieties of P, americanat pollen may almost completely dis- 
appear from the anther during a wind, undoubtedly due to drying and 
shaking the first day, or even the first few hours after opening. Wind 
pollination would be more effective in these varieties than in the others, 
although it is probable that it would be insufficient because plum pollen 
has no appendages as in Pinus spp. to give it greater carrying capacity. 

The importance of the rapid closing of anthers upon coming in contact 
with water, together with the fact that they remain closed as long as they 
are wet, needs emphasis in this connection. It will be evident that 
pollination is impossible when the anthers are closed. Furthermore, 
the conditions which close anthers in most cases also p|event insect 
flight, but, even if insects wer^ working, pollination could not take place 
for the reason that pollen is not available.. It appears, thereforey* that 
too much emphasis has been placed upon the action of rain in washing 
pollen away because anthers close quickly enough largely to prevent it. 

RAIN INJURY TO PI,UM POLtBN 

It has blen shown above that anthers take up water in sufficient quan- 
tities to close them before there is complete loss of pollem Accompany- 
ing the drying process which takes place ip the anther and the disap- 
pearance of the anther sap, there is a similar dr>dng in the pollen. Before 
dispersal, pollen changes from the typical spherical shape to one distinctly 
oblong, and deep folds appear at the sutures. When subjected to drying 
immediately ^ter removal from the anther, this change in shape takes 
place in 5 to 10 minutes and is quickly reversible in 3 to 5 minutes when 
placed in water. With these changes in mind, the question arises as to 
the effect of a prolonged rain upon jx)llen. 

The rainy period at blooming time in 1915 started with a trace on 
April 24 and ended with rain all day on April 26 and 27. The heaviest 
rain, accompanied by a moderate wind, fell on April 26. During the 
period of the rain there was a relatively high temperature ranging from 
58® to 62® F. 

Following the usual c3d:ologicaI procedure, before drying, there were 
fixed in Flemming^ medium anthers from 48 hybrids and varieties after 
the rain of April 26 and from 30 others after the rain of April 27. In 
all, pollen was collected from 63 crosses and 13 varieties, representing 6 
species, namely, Prunus americana, P. Besseyit P. nigrOf P. triflora, P. 
pissardiy and P. cerastes. 

It would appear that this material would furnish conclusive evidence as 
to whether or not plum pollen is burst by rain, as is held by Hedrick {S) 
and generally by fruit growers. A careful examination of mounted 
sections from each lot fixed as mentioned above, showed (i) that the 
pollen was not burst and had every appearance of being normal; (2) 
that only an occasional anther was devoid of pollen, although most of the 
sutures were broken; and (3) there wds no apparent difference in the 
pollen condition of thetiifferent species. 
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Journal of Agrictdtural Research voi. xvii, no. 3 


EFFECT OF WATER UPON THE VIABILITY OF PLUM POLLEN 

The effect of water on the viability of plum pollen was tested in the 
sand cherry (P. Besseyt). The results are presented in Table II. The 
time of soaking, 10 minutes, while r^atively short, was decided upon 
because it was thought that if water was injurious at all, it would be 
desirable to test its' effect at the shorter exposure. The time of soaking, 
however, is much shorter than the actual time the pollen was subjected to 
water, ^ince it required sorhe time to dry. Sixteen hours elapsed before 
this pollen was applied to the stigma. It will be seen from these results 
that soaking pollen of this species in water , and drying before using has 
no injuriousleffect. 

Table 11 —Viability test of Sand Cherry {P. Besseyi) pollen after being soaM lo minutes 
in water and then allowea to dry for i 6 hours, ike pollen in one series having been taken 
from unopened anthers and allowed to dry in the sun and in the other series from open 
anthers and allowed to dry in the shade 


C^oss made and pollen treatment. 

Condition of 
anthers. 

Num- 
ber of 
flowers 
tm 

Mayas. 

^um- 

swell- 
ingott 
June 15. 

Num- 
ber 
set on 
June 36, 

Treated : 

Tree No. iX> pollen, soaked 10 minutes 

Tree No. iX> pollen, soaked 10 minutes 

Unopened . 

. . .do 

. . .do 

9 

15 

i 

31 

28 I 

6 

6 

20 

9 

4 

6 

^9 

9 

4 

9 

7 

Tree No. 2X, pollen^ soaked 10 minutes 

. . .do 

Tree No. iX, poUen, soaked 10 minutes 

Tree No 3X, seiaked TOtninUtes . 

Opened. . . . 

. . .do 

10 

9 ' 

Checks: 

Tree No. iX, pollen, not soaked 


7 

19 

4 

12 

21 

II 

4 

11 

18 

II 

^3 

11 

3 

I 

Tree No. 2X, pollen, not soaked 


Ijee No. 1X2, pollen, not treated 


Tree No. 2X1, pollen, not treated. 


25 

Tree No. 3X4, pollen, not treated 


Tree No. 3X5, pollen, not treated 




Tree' No. 4X3 » pollen, not treated 



6 

6 

Tree No, 5X3, pollen, not treated 








In addition to this, germination tests were made with selected varieties 
to determine the effect of the rain of April 26 and 27 upon the viability 
of pollen. Pollen was taken from anthers which had been closed by the 
rain and placed in a hanging drop of 20 per cent cane-sugar solution. 
There was no germination even in the checks from tented trees or from 
unopened anthers subjected to rain. The temperature, however, which 
was very changeable, was quite low a good part of the time, especially 
at night, and the negative results with the check make it impossible to 
.draw conclusions as to rain injury to pollen under orchard conditions. 

It has been shown that on account of anther adjustment less pollen 
is actually washed away than has been supposed. Also, considerable 
quantities of pollen may be retained by anthers Which have opened 
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immediately preceding a rain, owing to the rapidity with which they 
close. Anthers open as a result of drying, a condition which is brought 
about by cutting off the water supply at the constriction of the filament, 
and by evaporation, particularly from the suture. Anthers which have 
dehisced close quickly when brought in contact with water, and, like 
those which have not dehisced, remain closed as long as wet. Con- 
sequently, pollen is not available for dissemination during a rain. A 
careful disti»ction must be made between the normal shedding of pollen, 
which takes place for the most part the first day or even the first few 
hours an anther is open, and the washing away of pollen by rain, for the 
reason that empty anthers close when wet but open again after a rain 
when dry. Insect visits are reduced to a minimutn, if not prevented, 
under the same conditions that impede pollen dispersal. The cytological 
studies show that plum pollen does not burst 'frhen wet by rain and 
crossing tests show that it is not killed by moderate exposures to water, 
although the results of Sandsten (14) 'indicate that humidity decreases 
its longevity. As far as the pollen is concerned, therefore, a prolonged 
rain acts primarily to delay pollination until cqnditions are again restored 
which are favorable to dehiscence and dissemination. 

THE STIGMATIC SURFACE 

’ As in the case of anther and pollen, a study has been made of the 
changes of th^istil during the functional period, which may be regarded 
as a critical stage viewed from the standpoint of the relation of adverse 
weather to the setting of fruit. 

Immediately before the receptive period the outer cells of the stigma 
are turgid (PI. 14, C and D) and their papillate structure gives to the 
surface a characteristic velvety appearance which is readily distinguished 
from the glossy, moist surface when receptive. Where the suture termi- 
nates, the stigma has a distinct depression, and in' the plum its surface 
is more or less oblique to the axis of the style, with the higher margin 
opposite the marginal suture fold. 

The terminal celft are one layer thick, and in longitudinal sections are 
clearly distinct from the cells below on account of their lai^e size, scant 
cytoplasm, and conspicuous vacuoles. There is a slight variation in 
the length of tWese cells in different species. In some, as in Sapa (P. 
BesseyixP. iriflora), th^ contain spherical bodies, which stain deeply 
and vary much in size, the larger ones being somewhat greater in cross 
section tfian the nucleus. The scant cytoplasm in the terminal cells is 
mostly located at the extreme terminal end ia the fofm of a crescent. 

THE RECEPTIVE STIGMA 

Decided changes are noticeable in the terminal cells after the stigma 
has become receptive. In sections made from stigroas 48 hours after 
first becoming receptive the papillate cells are very irregular in outline 
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and typically are collapsed and shrunken. A few cell walls appear to 
be broken. The cytoplasm is much contracted and drawn out into 
irregular vacuolated strands. The nuclei are generally ' irregular in 
outline and show evidence of disintegration. In many of the stigmas 
the papillate cells are partly broken away from those beneath, and the 
pollen grains are found among, or even beneath, the collapsed and partly 
separated sheath composed of the terminal c^ls. 

Heideman states (9, p. 191) that the “actual time <^ring which 
fertilization may be effected scarcely exceeds two hours.’^ Observations 
here show that under normal conditions the plum stigma remains recep- 
tive for a maximum period of about one week. At the end of three to 
five days, however, the stigma begins to turn brown, and as it becomes 
dead and dry at the end of the receptive period the color gradually 
deepens to a dark brown and then bl^k. The dark color slowly extends 
down the style, which, as a rule, abscisses before turning brown iriore 
than two-thirds of the way to the abscission layer. In this way the 
possible time of pollen-tube growth on the stigma is limited to a rela- 
tively short period. The significance of this will be emphasized in 
connection with the discussion on the rate of tube growth. 

THe ACTIOK or RAIX UPON STIGMA 

The prevailing belief among fruit growers is that the chief injury of 
rain to the stigma, aside from washing pollen from it, is ^e dilution of 
the stigmadc fluid to such an extent that the growth of the pollen tube 
is prevented. Immediately after a heavy rain during full bloom on 
May 9, 1918, a study of stigmas under orchard conditions showed that 
even those which were past the receptive stage, dark brown in color and 
. partially dead, were distinctly moist and turgid, 

Following these observations an investigation was made of the action 
of water upon the stigma. When one which had been receptive for 
about three days was dipped in water and carefully withdrawn, a small 
droplet about the size of the stigma adhered. This droplet was absorbed 
in approximately one minute. The dipping was itpeated eight con- 
secutive times in as many minutes, and in each case the droplet was as 
quickly absorbed as in the first instance. As a result of the absorption 
of water the papillate cells became distinctly turgid. A* similar test was 
made with an unreceptive stigma and also one# which had passed the 
receptive stage and of which the papillate cells had become dark brown 
and partially dead. The same imbibition of water took place with 
•these two as with the receptive stigma. 

’ It will be evident that absorption of water in such quantities acts to 
dilute the cell sap of the papnllate cells. This, however, would appear 
to be of no immediate consequence, since pollen does not take up the 
stigmatic fluid until it is secreted, and even if pollen in this way came 
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in contact with water before the stigmatic 6uid, this, as has been shown, 
would not be prohibitive of subsequent normai development. Further- 
more, since tests show that germination takes place in a considerable 
range of concentration in a sugar solution, a partial dilution of the stig- 
matic fluid as a result of water absorption would probably not alone 
prohibit tube growth. Under greenhouse conditions and in the orchard 
under favorable conditions a stigma, like a leaf gland, has more than 
active secretion. If the first fluid to be secreted was com- 
pletely removed by rain, it would be again renewed under favorable 
conditions, so that a short tsdn alone would not necessarily be detri- 
mental. Even if the secretion were considerably diluted following* a 
rain, evaporation from the surface would result in a gradual concentra- 
tion. Furthermore, the influence of rain Upon the stigmatic secretion' 
could be considered of more importance if the stigma had only a single, 
short period of activity. 

WASHING OP POI,I.EN FROM THB STIGMA 

The adherence of pollen to the stigma was first noticed in pistils which 
had gone through the washing and numerous changes of solution in the 
preparation for sectioning by the usual cytological procedure. Stigmas 
which had passed through a 2-day rain, in addition to the cytological 
process, still held as many as 40 to 50 pollen grains. 

An examination under orchard Conditions of stigmas wnicn had been 
subjected to a heavy rain of over 14 hours duration, showed that most 
of the stigmas still retained a considerable quantity of pollen (PI. 14, B). 
On one stigma 42 grains were counted. On another, which had passed 
through a 2-day rain whilefin bloom, there were 32 pollen grains, and 6 
days aftenvard on still another there were 176. However, in the last 
instance a part or all of the pollen could have reached the stigma after 
the rain. 

In order to determine how readily pollen can be washed away, an 
abundance of pollen was placed, on a stigma which was then immersed 
in water, the results being observed with a binocular miscrok^pe. At 
the first impact of the water a few of the outlying grains were washed 
away, but at the end of 10 minutes of vigorous stirring and dipping in a 
pail of water, 73 grains still adhered to the stigma. While the number of 
grains at the start was not coimted, it was estimated that less than one- 
fourtl^ were lost. The outstanding fact is that not all of the pollen 
was removed by a washing action, certainly as vigorous if not as pro- 
longed as a rain. 

An explanation of the adhesion of pollen is found in the condition 
of the respective stigma. In some of the fixed preparations there is a 
dight staining area beyond the terminal cells of the stigma (PI. 14, A 
and B), in depth about equal teethe thickness of two or three pollen grains. 
This undoubtedly represents the area in cross section of the stigmatic 
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fluid. Sections of stigmas show, as mentioned above, that during 
the later stages of . receptiveness pollen may be even partly sunken 
in among the terminal cells. This, together with the gelatinous or 
viscous nature pf the stigmatic fluid, expecially some time after receptive- 
ness, largely accounts for the difficulty in washing pollen from the stigma. 
Also, the inward movement of water would partly counteract the washing 
action, especially of tight rains. In addition, during the early stages of 
pollen germination the tubes tend to prevent pollen from being washed 
away. At tlm time, however, the tube becomes the important considera- 
tion instead of the pollen. 

•All pistils are not subjected alike to rain action. Those on the upper 
side of limbs and in terminal positions receive the direct impact of rain, 
while those in the more protected positions, as in the interior parts of the 
tree and on the under side of clusters, are shielded from the direct force of 
the rain. 

It will appear from the foregoing that pollen is not so completely washed 
away by rain as has heretofore been supposed. This belief has become 
general pn^ account of the changes which take place in pollen when 
ib 16 placed upon a receptive stigma. Immediately upon coming in 
contact with the stigmatic fluid, pollen becomes turgid and is more or less 
immeised in it. Under these conditions its appearance closely resembles 
that of the teqjiinal cells of the stigma. If a dilution of the stigmatic 
fluid and the washing away of pollen are the important inhibiting factors 
in the setting of fruit, a short dashing rain at blooming time would, 
at certain stages, do as much damage as a prolonged rain, because it 
would be necessary for the pistil to again become receptive and pollination 
to again take place. This, however, does not correspond with the general 
observations of fruit growers nor with the conditions reported here. 

LIMITATIONS UPON FERTILIZATION 

If the statements regarding the effect of rain upon pollen and stigma 
are correct, the failure of the plum to set fruit during unfavorable weather 
conditions' will have to be explained in another way . At the time the 
pollen and pistil are maturing and functioning other factors are operating 
which place certain definite limits upon the time fertilization is possible. 

On account of self-sterility, the relative time of dehiscence and 
receptiveness within the variety is not an important factor in the plum. 
However, because the pollen is mature before the stigma and visually 
in a ‘'resting stage” protected by a thick covering in addition to the 
anther wall, it is less susceptible to injury than the stigma, in which 
growth changes are still taking place. This difference in the relative 
maturity of the two structures may largely account for the greater 
hardiness of pollen during frosts. Upon germination the pollen enters 
a phase of less resistance, and it shares to a greater extent the lot of the 
stigma and style, which constitute the substratum for the pollen tube. 
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The factors, then, which place a time limit upon the mutual functional 
period and which have a dir^t bearing upon the setting of fruit are (i) 
the longevity of the pollen, '(2) the length of the receptive period and life 
of the stigma, (3) the abscission of the style, (4) the rate of the pollen- 
tube growth, and (5) the influence of low temperature upon pollen 
germinaticm. 

-THE LONGEVITY OF PLUM POLLEN 

The results of Sandsten (14) showed that plum pollen collected from 
such widely separated sources as Washington, Missouri, Tennessee, and 
Minnesota retained its germinating power for six month^when subjected 
to the normal humidity and temperature changes incident to the period 
of the test. Thwe was a gradual decline, however, in the percentage of 
germination from an average of 54 per cent at the end of the first month 
to about 8 per cent at the end of the sixth. iJ'urthennore, relatively 
adverse conditions do not affect the longevity of the pollen, since short 
exposures to water do not kill it and freezing temperatures* only retard 
germination. Under favorable conditions, therefore plum pollen retains 
its viability considerably longer than it is functional under orchard 
conditions. 

length of receptive period and life of the stigma 

As has been noted, the plum stigma is receptive under orchard con- 
ditions for a maximum of one week but begins to turn brown at the end 
of approximately three to five days. Adverse weather conditions may, 
however, extend the functional period somewhat, particularly when 
accompanied by low temperatures. The delay in pollination up to a 
certain point does not prevent tube growth. Crosses were successful in 
the greenhouse on stigmas which were receptive four days previous to 
the application of pollen. Under these conditions, however, drying and 
browning does not take place as quickly as in the orchard where the active 
period of secretion is over at the end of three to five days and is followed 
by a period of partial inactivity of the stigma. 

Furthermore, the stigma is more easily dried by the wind late in the 
receptive stage than immediately after becoming receptive. Tube for- 
mation would undoubtedly be more uncertain if pollination were delayed 
until late in the receptive period, as would be the case during a prolonged 
rain. Pollen germination, as well as considerable tube growth, must, 
therefore, take place if fertilization is to b^ effected within a relatively 
short time and before the conditions of the stigma prohibit tube growth 
or before d5dng back in the style overtakes tubes which have been formed. 

ABSCISSION OF THE STYLE 

The styles do not begin to absciss until about two weeks after blooming 
(Pi. 14, E)i although the abscissiofi layer at the point of abscission near the 
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base becomes very distinct in some varieties, as Winnipeg (P, nigra ) , as 
early as 8 days after blooming. In this variety at the 8-day period the 
cells in the abscission layer had reached ab advanced stage in their 
disintegration, ^nd while the style was stUI persistent, it was much 
lighter in color above the point of abscission, a condition which suggests 
the cutting off of food material. If the pollen tube had not passed the 
abscission layer by this time, it is probable that it^would not have done so, 
since it would have had to grow through a region of partly disintegrated 
cells. Consequently all tubes which had not passed the abscission layer 
by the time of the abscission of the style (PL 14, P) would be definitely 
eliminated as far as fertilization is concerned. Tube growth from the 
stigma to the abscission layer, therefore, must take place between the 
beginning of receptiveness and the shedding of the style. 

If pollination occurs late in the receptive period, the condition of the 
stigma begins to change so rapidly that onl% favorable growing conditions 
for the tubes will enable them to pass the abscission layer before the 
style drops. In this way the abscission of the style sets a definite time 
limit to a certain minimum of tube growth which may be as short as 4 
days and as long as 1 2 . It will be clear then that the later in the receptive 
period pollination takes place and the more tube growth is retarded, the 
more uncertain fertilization becomes. 

RATE OF POLEEN-TUBE GROWTH 

It will be seen from ^the above that the rate of pollen-tube growth 
becomes an important factor in fertilization, especially during unfavorable 
weather accompanied by rain and low temperatures. In order to de- 
termine the rate poller/ tubes advance down the style, this point has been 
studied in fixed preparations of pistils taken under orchard conditions 
and also from controlled crosses in the greenhouse where the time of 
pollination could be determined definitely. The greenhouse temperature 
during this experiment was not recorded, but varied from 55® to 65° F. 
Pistils from the orchard in all cases were collected after a period of vari- 
able weather of rain and low temperatures. The results showing the 
extent of tube growth under different conditions are presented in Table 
III. ‘ 

Sandsten {14), in determining the time required for the pollen tube to 
reach the ovary, cut the pistils off controlled crosses at intervals of 48 
and 60 hours, respectively. . Fipm the. data he presented it appears 
that the plum is fertilized at the* 6ohour period. It should be stated, 
however, that this shows that tube growth had merely extended below 
the point at which the style was cut in that time. The 7»-day period, 
at which time the final observations were rriade, is too soon to determine 
certainly whether fertilization has taken place judging from size alone. 
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Table III . — Rate of pollen-tube grow^ found in the plum in controlled crosses tit ike 
greenhouse and under orchard conditions 

UNDER GREENHOUSE CONDITIONS 


Cross. Tune. Tube growth in greenhouse. 


Minn. No. 10 "'XMinn. No. 16 hours 

' 12.“' ^ 

Minn. No. 10 Besseyi do 

Minii. No. 13 *XMinn. No. 9:30 a. m. to 3:30 p. m 

2I.‘ 

Do 17.5 hours 

Minn. No. la ‘X-P. Besseyi . 19 hours 

Minn. No. 21 *XMinn, No. 51 hours 

12 .* 

Minn. No. 21 *XMinn. No. 6g hours 

10.* ' • 

Minn. No. 6 ^X Surprise. ... 6 days 


UNDER QRCHARD CONDITIONS. 


No tube growth. Rain 
and frost. , 

Do. 

^ of style length. 

Do. 

Tube in entbryo sac. 

Tube just formed. 

Yio of style length. 

■ Do. 

X of style length, 

^ of style length. Ovule 
aborted. 

Viij of style length, 

* A cross between Burbank and Wolf. A cross between Abundance and Wolf. “ See PI. 14, A. 

From Table III it appears that pollen-tube growth is relatively slow in 
the plum and that the time required for the tubes to reach the ovary is 
much longer than Sandsten estimated. Furthermore, it should be 
emphasized that in the above table the maximum tube growth is given. 

It will be seen in the case of Minnesota No. *21 and No. 35 that there 
was no tube growth three days after blooming when open-pollinated under 
orchard conditions. The weather conditions previous to the time stigmas 
were collected from these two varieties will be of interest here. Both 
came into bloom on May 20, 1917, which was clear, with a maximum 
temperature of 62/^ F., with a slight rain in the evening, and a medium 
wind the latter part of the day. At night the temperature fell and 
there was frost. May 21'was cloudy, with a heavy rain accomp^ed by 
a strong wind lasting from early morning up tp 2 p. m. May 22 was cool 
and clear, and the stigmas of these two varieties were collected in the 
early forenoon. 


Minn. No. 21 *Xopen-poU 
linated. 

Minn. No. 35 ^Xopen-pol- 
linated. 

Do 

Minn. No. 12 “^Xopen-pol- 
linated. 

Do 

Minn. No. 12,* selfed 

Do.® 

Minn. No. 6 / selfed 

Manitoba, selfed 

P, Besseyi, selfed 


Surprise, selfed. 


3 days after blooming. 


6 days after blooming . 
do 


10 days after blooming. 

hours 

24 hours. 

2 days 

8 days. 

12 days 


3 ^ of style length. Cross 
sterile. 

X of style length. 

None. 

Vio .pf style length. 

% of style len^. 

Do. 

Vio of style length. 

Full style length. None 
fertilized. . 
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TJie time of pollihation is uncertain/, but bees were present; iii large 
numbers on May 20. On a single stigma of Minnesota No. 35 there were 
162 pollen grains, mostly embedded in the stigmatic fluid. There 
were fewer ^grains on the stigmas of Minnesota No. 21. In the field 
records, made at the time of fixing this material, it was stated that the 
"stigmas were brown in all cases and dead in somer^’ I^om this it will 
be seen that the receptive period was much shorter than is common in 
the plum. * The condition, then, in these two varieties was as follows : 
(i) Pollination h^ taken place, (?) on the third day after bloom no 
tubes had fonned ii^the stigmas examined, and (3) the end of the recep- 
tive period had been reached. 

On each variety the dying back in the styles averaged 5 mm. by 
May 31; and by June 2, 13 days. after bloom, the abscission layer was 
fully formed a^ disintegration of the cells in it had started. On this 
date additional pistils were collected and fixed, and in these pollen tubes 
could not be. found in the micropyle, nor had embryos formed in any 
of the six which were sectioned. This is not surprising when it is noted 
that under the favorable conditions of the greenhouse, Surprise pollen 
tubes required six days to grow the full length of the style. 

These trees under observation were 8 years old from planting and were 
under clean cultivation. On Minnesota No. 21, 25 per cent of the 
buds were winterkilled and only 5 per cent of the flowers set fruit; on 
Minnesota No. 35, 10 per cpnt were winterkilled and the percentage of 
fruit to set was 10. On each there was a light crop of ripe fruit. 

In the case of these two varieties, then, the small percentage of fruit 
to set is not necessarily due to a lack of pollination, but apparently to. 
the delay in tube formation, during which the stigmas turned brown 
and some died, conditions which either prevented or delayed tube 
growth. According to this, in those fruits which set, tube growth had 
either started on the 20th, before the rain, or was sufficiently rapid 
after it to pass the abscission layer before the style fell. The weather 
conditions for this season are analyzed in Plate 15. 

Prom Table III it will be further seen that under the favorable grow- 
ing conditions of the greenhouse, the rate of tube growth is so slow that 
the abscission layer is parsed dangerously near thfe time of dehiscence. 
In the orchard, however, during the most suitable conditions, fully as 
many fruits set as in the greenhouse, and it is very probable that the tube 
extension is even more rapid. 

The bearing of low temperatures upon the status of tube growth 
noted above wafrants further discussion. The lower temperature limit 
of pollen germination in the plum was determined by Gofi (5), as pre- 
viously noted, to be approximately 40'’ F. At 70° F. there was an 
abundance of tube growth^ and at 51® F. the rate of growth was inter- 
mediate between the two extremes. Entering the factor of humidity in 
relation' to temperature, his experiments further show that there was 
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greater germination after five days, when pollen was kept in saturated 
air in a refrigerator (the temperature is not given), than under the same 
conditions at room temperature. This being the case, the cooler tem-r 
peratures usually aoeompanying prolonged rains would be more favor- 
able to a higher percentage of germination than higher temperatures. 
From Plate 15 it will be seen that each season the minimum tempera- 
ture falls below the lower limit of tube growth a number of times and 
occasionally the lower limit of tube growth is even approached by the 
maximum temperature. It is provable that the temperature influence 
on tube growth would be similar to that on tube formation. 

The slow pollen-tube^ extension found under greenhouse conditions 
serves as a basis for estimating what can be expected during periods of 
low spring temperatures. That low temperatures have a much greater 
influence some seasons than others is clearly showm by the extent the 
mini mum- temperature curve extends below the line of no tube" growth 
(5) drawn through each graph (Plate 15) at 40° F. The temperature 
factor, therefore, has an important bearing upon the extent to which 
fertilization fails to talA place some seasons. While cool weather re- 
tards tube growth, it does not appear to change materially the time of 
abscission of the style. 

RELATION BETWEEN THE WEATHER AT, BLOOMING AND THE 
, SETTING OF FRUIT 

With the foregoing analysis of weather in mind, it now remains to be 
seen whether there is any correlation between the weather conditions 
prevalent at bloom and the setting of fruit. While an ample set of fruit 
does not certainly insure a full crop, a full crop can not be obtained 
unless there is a set up to a certain point. In this way the weather 
determines the possibility of a crop. 

During the, years 1915, 1916, and 1917 there was a light set and a 
light crop of plums at the Fruit-Breeding Farm. An inspection of 
Plate 15 shows that different weather combinations occurred during 
each of the three years. In 1915, the outstanding features are the 
frequent rains during bloom and the low-temperature period for one 
week following. This single factor, according to the w^ork of Goff (5) 
on the temperature limits of tube growth, would make fertilization un- 
certain, but it will be noted that following the cloudy, r^ny weather of 
the first four days of bloom there were two days of imusually windy 
weather which interfered with bee flight at a critical time, and hence 
rendered ample pollination uncertain. The following year, 1916, bloom 
was nearly a month later and was accompanied by a period pf unusually 
high temperature which extended to the period of tube growth. This 
alone would have been very favorable to pollination, but during early 
bloom there were two unusually heavy rams and five lighter ones. 
Moreover, aside from actual injury to the bloom during such r^s as 
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occurred on May 21 and 25, as well as the interference with insect flight, 
pollination would appear to be uncertain because pollen was not avail- 
able for dissemination a large part of the time. This year, therefore, it 
appears that pollination was uncertain instead of fertilization^ as was 
the case the year before. At any rate, during these two seasons the 
temperature at bloom was very different. In 1917 rain,, high winds, low 
temperatures, and even frost, were prevalent during bloom, and at the 
close of bloom there were nearly 3 days of cool, rainy weather which 
came a|; a critical time during tube growth. In addition to this, frequent 
rains and a relatively low temperature at the latter part of the lo-day 
period following bloom supplemented the retarding effect of the 3-day 
rainy period. The wind on May 20, 21, 22, and 26 was strong enough to 
interfere with the w'ork of bees. Both pollination and fertilization were 
uncertain this year. 

In contrast to the slight set of these three seasons there was a good set 
in 1912, 1913, and 1918, and a heavy set in 1914, It now remains to be 
seen whether there were conditions at bloom these seasons which differ 
markedly, as far as the influence on pollination and fertilization is 
concerned, from the others. In 1912 the temperature was relatively 
high, except for three days, during the entire period. The rains were 
slight at bloom. Also, in 1913 the temperature was within the range 
of fast tube growth a good part of the time and rains were unusually 
scant at bloom. The unusually high temperature in 1914 is in marked 
contrast to the low temperature the following year, and in the absence 
of h^vy rains there was the greatest setting of fruit as well as the heaviest 
crop of all season included. The high temperature at the beginning of 
bloom in 1918 gradually fell toward the end and there was a frost the 
night of May 12. The rains were not prolonged during bloom, but the 
heavy rain of May 9 delayed pollination in the later blooming varieties. 
The warm period following bloom, however, counterbalances the cooler 
4-day period at the end of bloom, so that the rate of tube growth was in 
general increased. The setting of fruit was sufficient for a good crop this 
season. 

It will be seen from this brief analysis that there are conditions each 
season which can be correlated with the set of fruit. With a light set 
it is impossible to get a heavy crop. As early as the 5- or 6- week period 
the possibilities of a crop are determined. 

SUMMARY 

(i) Unfavorable weather at blooming time may completely prevent 
the setting Of f#uit in the plum, even though there be a full bloom. A 
study of the manner in which weather affects the processes at bloom 
shows that rain and low temperatures are the most important factors, 
although strong winds when prolonged are also important. 
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(2) Wind has its influence indirectly by interfeHng with insect action 
and, hence, pollination at critical times. It is seldom strong enough to 
cause much 'direct mechanical injury. The experiments of Waugh show 
that wind pollination is insufficient, even under the most favorable 
conditions. Frosts during bloom are only occasional and injure the 
pistil more than pollen. The greatest damage from low temperatures is 
in the retarding of pollen-tube growth. Other conditions being favorable, 
cloudiness does not prevent the setting of fruit. Rain prevents pollen 
dissemination by closing the anthers or by preventing them from opening, 
but does not burst pollen nor kill it. 

(3) On account of the adhesive action between stigma and pollen, 
rain does not completely wash pollen from stigmas. The stigma is 
receptive for 4 to 6 days, and following the active period of secretion the 
stigmatic cells rapidly disintegrate. The style abscisses in 8 to 12 days 
after bloom. Tube growth appears to be relatively slow in the plum 
even under favorable greenhouse temperatures. As a r^ult of the 
rapid disintegration in the stigma and the abscission of the style, a delay 
in pollination or slow tube growth when the temperature is low renders 
fertilization uncertain. 

(4) An analysis of the prevailing weather at bloom shows that each 
season certain sets of conditions can be singled out as being largely 
responsible for the status of the setting of fruit. In one season rain 
during bloom may be the limiting factor and in another low temperature 
during the period of tube growth. Unfortunately, practical remedies 
under orchard conditions do not appear readily available. Late blooming 
has not escaped unfavorable weather, and, since tube growth seems to 
be the process most directly affected by low temperatures, remedial 
measures can most effectively be sought in suitable pollmizers which 
show the fastest tube growth. 
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PLATE 13. 

Plum tree and fruiting branch showing difference between number of flowers borne 
and quantity of fruit set: 

A. — The appearance of a plum tree bearing^ normal crop of bloom. 

B. — A single fruiting branch 2 years old showing the contrast to A. Only 2 > fruits 
have set out of approximately loo flowers borne by this branch. Note the stubs where 
flowers have dehisced. 
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PLATE 14. 

A. — Stigma of Minnesota No. 21, a greenhouse tree, 24 hours after being selfed, 
showing the condition of papillate cells in the stigma, pollen tubes, and also traces of 
the stigmatic fluid. 

B. — Stigma of Minnesota No. 35, open to cross pollination, showing the condition of 
a stigma three days after bloom, having withstood a rain of 0.87 inch which fell in the 
two days previous, lasting in all 18 hours. Note the slight staining area of the stigmatic 
fluid in which two pollen grains are embedded. 

C. — ^The turgid' papillate cells in Sapa before receptiveness. 

D. — Opata. Same as C. Pollination has not yet taken place. 

E. — Abscission layer Minnesota No. 35, showing the cells of the layer n days after 
bloom. 

F. — The stirface at the abscission layer of Assiniboin after the style has fallen, 12 
days after bloom. There appears to be no marked disintegration of the cells imme- 
diately below the abscission layer, which suggests that in cutting off the style by this 
method the breaking down of the middle lamella is restricted to a few cell layers. 

108123°— 19 4 



PLATE 15 

Graphic analysis of the weather from the standpoint of wind, sun^ine, rain, and 
temperature for seven years from 1912 to 1918. The maximum and minimum tem- 
perature range is given for each day during bloom and for a period of 10 days 
afterwards. 



Relation of Weather to Fruitfulness in Plum 


Plate 15 
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STRUCTURE OF THE MAIZE EAR AS INDICATED IN 
ZEA-EUCHUAENA HYBRIDS 

By G. N. CoLUNS 

Botanist, Office of Acclimatization and Adaptation of Crop Plants, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

In attempting to trace the origin 6f maize (Zea may^ ly.) the center of 
interest is the evolution of the peculiar form of inflorescence, especially 
the pistillate inflorescence, or ear. 

Since Huchlaena (Euchlaena mexicana Schrad.) or teosinte, the nearest 
known relative of maize, has a very different type of pistillate inflorescence, 
it may be instructive to compare the two genera and trace the successive 
changes that would be required in passing from the Euchlaena form of 
pistillate inflorescence to the maize ear. 

Euchlaena and maize cross freely, resulting in intermediate hybrids 
which in subsequent generations grade back to the parental forms (PL i6). 
It is therefore possible to present a complete series of intermediates, gradu- 
ated to any desired degree of minuteness. It should be kept in mind that 
although we may be able to arrange a continuous series of forms ranging 
from Euchlaena to maize, these forms inay not represent the course of 
evolution. A study of these intermediate hybrids may be expected, 
however, to throw light on the morphology of the ear and to explain its 
evolution, at least in a mechanical sense. 

DESCRIPTION OF MATERIAL 

The forms here described as intermediate between maize and Euchlaena 
appeared for the most part among the descendants of a cross between 
Florida teosinte and a diminutive variety of popcorn called “Tom 
Thumb.” Of this cross six first-generation plants were grown and from 
the self -fed seed of one of these a second generation consisting of 127 
plants was produced. Several hundred third-generation plants from open 
pollinated seed were also examined. 

Although in general appearance the pistillate inflorescences of maize 
and Euchlaena are so unlike that comparisons are difficult, the structure 
of the flowers is practically identical. The chief differences are therefoiji 
to be sought in the structure of the inflorescence and the arrangement of 
the spikelets. 
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To avoid circumlocution it is necessary to consider as a morphological 
unit the association represented by a sessile and pedicelled spikelet, as 
they occur in the staminate inflorescence. It would be misleading to 
refer to this unit as a pair of spikelets, because the same unit must also 
be kept in mind in considering the pistillate inflorescence where one of 
the spikelets may be suppressed. The two spikelets of a pair probably 
arise from a single metamer, at least they seem never to become sepa- 
rated. In the pistillate inflorescence, however, the individual metamers 
can be distinguished with difficulty and the pairs of spikelets become so 
profoundly and diversely modified that a general terra is needed to 
designate this structural unit in all its forms. 

In the pistillate inflorescence the members of this morphological unit, 
whether it is represented by one or two spikelets, occupy a single 
alveolus, and the complex might be described as the contents of an 
alveolus. In the staminate inflorescence, however, the depression in 
which the spikelets are borne is usually too slight to be termed an alveolus. 
It seems desirable, therefore, to derive the general term from some word 
that carries the same implication as alveolus but which has not been used 
in a specific morphological sense. The word alicole ^ is proposed and will 
be used in the following description to designate the spikelet or spikelets, 
whether staminate or pistillate, that are borne in a single alveolus or at a 
single point on the rachis, considered as the axil or point of attachment 
of a reduced branch. 

The principal differences between the pistillate inflorescences of Zea 
and Euchlaena may now be contrasted as follows: 


Euchlaena 
Single spikelets 
Two-ranked alicoles 
Separate alicoles 


Zea 

Paired spikelets 
Many-ranked alicoles 
Yoked alicoles 


SINGLE AND PAIRED SPIKELETS 


The difference between single and paired spikelets will be best under- 
stood by considering first the arrangement of the spikelets in the stami- 
nate inflorescence of Euchlaena, which is identical with that of the 
lateral branches of the staminate inflorescence of maize. Since Euch- 
laena lacks the spa:ialized central spike of the mdize tassel it may be 
taken to represent the primitive arrangement of the spikelets. 

In these staminate inflorescences each alicole consists of two spikelets — 
one sessile, the other pedicelled. The alicoles are disposed on the two 
ades of the branch, leaving the lower, and, to a less extent, the upper side 
OT the branch, naked. The sessile spikelet is borne slightly below the 
pedicelled, that is, toward the abaxial side of the branch. Thus when 
viewed from the end of the branch the arrangement of the spikelets 
would be such that instead of an alternation between pedicelled and 


^ Ala, armpit+co/o, inhabit. 
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sessile spikelets, the two sessile spikelets would stand next each other 
as would the two pedicelled spikelets (see fig. i, A). . This lack of 
radial symmetry will be shown to be a very persistent and important 
feature. 



Fig. I,— Diagram showing arrangement of pedicelled and sessile spikelets in A, undifierentiated four-rowed 
branch; B, eight-rowed ear, the result of the fasciation of two undifferentiated branches; C, eight-rowed 
ear the result of twisting a single undifferentiated branch; D, i6-rowed ear, the result of fasciation; 
E, i6-Towed ear, the result of a further twisting of ''C. ” 

Turning now to the pistillate inflorescences a striking contrast appears. 
Both spikelets are sessile in Zea, and it is usually impossible to deter- 
mine which of the pair is the horaologue of the pedicelled spikelet. In 
the pistillate inflorescence of Euchlaena, the spikelets are borne singly 
instead of being paired. It is the pedicelled spikelet that is suppressed, 
as is clearly shown in the hybrid plants where all stages of suppression 
can be observed (PI, 17, A). Furthermore, in pure Euchlaena staminate 
branches frequently have pistillate spikelets at the base. In such speci- 
mens at ‘the place where the transition occurs, rudiments of a pedicelled 
staminate spikelet can often be seen by the side of a sessile spikelet 
bearing a well-developed seed. 
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two-ranked and MANY-RANKED ALICOEES 

The manner by which the number of rows has been increased in the 
pistillate inflorescence of maize has been the subject of much contro- 
versy. Two ways of developing additional rows have been suggested 
by fasciation of long lateral branches of a compound inflorescence like 
the tassel/ or by the reduction of branches until each branch is repre- 
sented by a single pair of spikelets. 

The fasciation theory would explain the ear and the central spike 
of the tassel in the same way, by assuming that a many-rowed spike has 
resulted from the fusion of simple spikes or branches. In the terminal 
inflorescence of pure Euchlaena there is no indication of a central spike, 
all the branches being similar, except that the lower are again subdi- 
vided. If two of the upper branches of such an inflorescence were to 
coalesce, an eight-rowed spike would be formed, and if then the pedicelled 
spikelets should become sessile and all the spikelets pistillate, an eight- 
rowed ear would result. 

According to the second or reduction hypothesis the development of 
the ear and the central spike of the staminate inflorescence is supposed 
to have been accomplished through a shortening of the branches in the 
upper part of an inflorescence similar to the staminate inflorescence of 
Euchlaena, the branches being reduced until each was represented by a 
single pair of spikelets. In apparent conflict with this view is the abrupt 
transition between the uppermost branch and the lowest spikelets of the 
central spike, that characterizes all normal varieties of maize. But in 
the mutation known as Zea ramosa the abrupt transition is lost, so that 
the branches become gradually shorter and pass by imperceptible grada- 
tion into simple pairs of spikelets like those of a normal tassel. Thus, 
Z. ramosa may be looked upon as representing an intermediate stage 
in the formation of a central spike, and as such constitutes the chief 
support of the reduction theory. 

The evidence derived from hybrids of maize and Euchlaena does not 
support either of these theories. On the contrary, the hybrid plants pro- 
vide an unbroken series of stages connecting the Euchlaena spike with the 
maize ear that clearly indicates a third method of increasing the number 
of rows and. forming a central spike or ear. This is by shortening and 
twisting^ the rachis of a single spike of Euchlaena, accompanied by an 
increase in the number of alicoles. The stages in this process will be 
discussed in more detail later. 

SEPARATE AND YOKED ALICOLES 

In the pistillate inflorescence of pure Euchlaena the joints of the 
rachis, each of which bears a single alicole, stand almost directly above 
one another, resembling a string of triangular beads. One of the most 


1 The earliest published statement of the fasciation theory that has thus f ar come to light is an anonymous 
account (Sexual flowere in Indian corn), in Meehan’s Monthly, v. 3, p. 105, 1S93, 
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frequent and obvious indications of admixture with maize is a shortening 
of the rachis. The reduction in length, however, is not uniform but is 
more pronounced in alternate internodes, with the result that the alicoles 
become associated and yoked in pairs, the mgmbers of which stand nearly 
opposite to each other. 

In the staminate inflorescence of either Euchlaena or the common 
varieties of maize there is little indication of this yoking of the alicoles. 
The pairs of spikelets stand on opposite sides of the rachis, but usually 
they are equally spaced with no indication of yoking, this tendency not 
even appearing in the pistillate inflorescence of the first generation of 
the hybrid between maize and Euchlaena. Yoking of the alicoles is, 
however, a striking characteristic of the second generation and appears 
in all the stages between the four- rowed, spike and a well -formed ear. 
With the increase in the number of ranks of alicoles this yoking of the 
alicoles into pairs is obscured, but there are evidences that it still persists 
even in the fully developed many-rowed ear.' 

In addition to the sharply contrasted characters discussed above, the 
pistillate inflorescence of maize differs from that of Euchlaena in having 
the alicoles much more numerous and more closely crowded, 

EUCHEAENA X MAIZE HYBRIDS 

Having outlined the nature of the differences between the pistillate 
inflorescences of Zea and Euchlaena, the pistillate inflorescences of the 
hybrid plants may now be examined. In the first generation the spike- 
lets are paired, tlie alicoles separate, and two-ranked. In number of 
alicoles and degree of crowding they are intermediate between the 
parents. This mixture of characters derived from both parents creates 
the general impression that the inflorescence is intermediate. 

second and eater generations 

Treating the three contrasted characters of maize and Euchlaena as 
alternative, there are eight possible combinations: (i) Spikelets single, 
alicoles separate and two-ranked; (2) spikelets single, alicoles separate 
and many-ranked; (3) spikelets single, alicoles yoked and two-ranked; 
(4) spikelets single, alicoles yoked and many-ranked; (5) spikelets paired, 
alicoles separate and two-ranked; (6) spikelets paired, alicoles separate 
and many-ranked; (7) spikelets paired, alicoles yoked and two-ranked; 
and (8) spikelets paired, alicoles yoked and many-ranked. With the ex- 
ception of'No. 6, all of these combinations have been found in second- 
generation plants and most of them in the descendants of a single cross. 
To class» the individuals into the above eight combinations is, however, a 
very’ inadequate expression of the diversity. The dominance shown in 
the first generation was not followed by any clear-cut segregation in the 
second. On ^he contrary, a complete series of intermediates connected 
the parental forms with respect to each of the three contrasted pairs of 
characters. 
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transition prqm a two-row^d spike to a many-rowed ear 

The pistillate inflorescence of Euchlaena may be looked upon as a two- 
rowed ear. In hybrids between maize and Euchlaena the initial step from 
such a two-rowed ear to onft with four rows may be made in two quite 
different ways. The more common method is for the pedicelled spike- 
lets, which are suppressed in Euchlaena, to reappear. This converts 
the flat two-rowed spike into a flat four-rowed spike, the condition that 
obtains in the first generation of the hybrid (PI. 17, B). 

In some instances, however, another method is followed. Alternate 
intemodes of the spike become shortened until the aiicoles, each with a 
single spikelet, are yoked in pairs, the members of which stand opposite 
or nearly so. The rachis then twists until each pair of aiicoles, instead of 
standing over the one below, stands at right angles with the pair immedi- 
ately above and below (Pi. 16, D). This results in a square four-row ear. 
The pairs of aiicoles are crossed and fitted into each other in a way that 
has suggested the name "saddleback” for this type of spike with four 
rows of aiicoles. 

In some instances still another step is taken before the spikelets are 
doubled in the alicole. The rachis is still further shortened and twisted, 
resulting in a six-rowed ear. Six-rowed ears are sometimes found in 
which both sessile and pedicelled spikelets are developed. In such cases it 
appears that the definite relation which ordinarily exists between yoked 
aiicoles has been lost, and starting with the flat four-rowed ear every third 
alicole has slipped around so that it occupies a plane’ between the other 
two, which in turn are slightly displaced (Pi. 17, C). 

Returning now to the more common form of a four-rowed ear, it is to 
be noted that the spike is four-rowed and the pedicels have been short- 
ened, though the distinction between sessile and pedicelled spikelets can 
still be made out with certainty. The rachis also has been shortened 
and forced into *a series of sharp angles and as a result of such crowding 
it has now begun to twist (PI. 17, A). 

The next clearly marked stage is the eight-rowed ear. The shortening 
of the rachis has continued, with increased crowding and twisting of the 
axil, forcing the aiicoles, each bearing a pair of spikelets, to slip past one 
another into the unoccupied spaces of what were the upper and lower 
sides of the original horizontal branch. This is again a saddleback type, 
with the aiicoles associated as in the square four-rowed ear described 
above, though each alicole contains two spikelets instead of one (PI. 15, F) . 
Intermediate stages between the flat four-rowed ear and the dght-rowed 
saddleback stage can sometimes be found where the twist is not quite a 
quarter turn, but all such appear to be unstable. The saddleback, on 
the contrary, is stable and will sometimes be shown consistently through- 
out a plant of the second generation (Pi. 18). 
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A further shortening of the rachis brings about the next stage, which is 
that of a lo-rowed ear. Intermediate stages are more common during 
the acquisition of this stage, and when they occur the seeds, as might be 
expected, are not arranged in regular rows. 

With these facts in mind, the spike can be understood as compos^ of 
opposite or yoked alicoles, each with a pair of spikelets. ' These yokes 
are superposed, and as crowding increases there results a further twisting 
and the formation of a more complicated spiral. With seeds of a uni- 
form size a compact spiral would result in the formation of longitudinal 
rows, though these might not run exactly parallel to the axis of the ear, 
as, indeed, they seldom do even in ears of maize. 

MORPHOLOGY OF THE MAIZE EAR 

It has been shown that the intermediate forms that appear in hybrids 
between maize and Euchlaena afford no support for the fasciation theory. 
Evidence from the ear of pure maize may now be presented. 

If a number of four-rowed branches were forced together and their 
axes united, the conditions found in an ear of maize might result (see 
fig. I, B). There is, however, evidence in fhe ear itself that it is not 
constructed in this way. 

It is not an uncommon occurrence for an ear to drop rows. Eor 
example, there may be 12 rows at the base and only 10 rows at the tip. 
A study of how this transition is made throws light on the morphology 
of the ear. In the first place, the loss is almost invariably two rows, 
and both are lost at the same distance from the butt of the ear. There 
is no region with an odd number of rows. A normal ear is made up of 
a series of paired rows and this is usually accepted as an adequate explana- 
tion of the fact that the nuiAber of rows is always even. A pair of rows 
is looked upon as the fundamental structural unit of the ear, a view in 
^ord with the theory of fasciation. Since two rows are dropped at 
once, it might be expected that the interrupted rows would be adjacent. 
This would follow from the suppression of a pair of rows representing 
the sessile and pedicelled spikelets arising from a single series of alicoles. 

There is, however, abundant evidence to show that rows are usually 
interrupted by the abortion of pedicelled spikelets only. This can be 
seen in abnormal maize tassels in which the base of the central spike is 
pistillate, forming in reality a section of an ear. At the place where the 
transition occurs it can be seen that the sessile spikelets are more per- 
sistent and produce larger seeds.‘ 

I With the idea of detennining to what extent differentiation between pedicelled and sessile spikelets 
persists in the fully developed maize ear. the weight of each of the two seeds from individual alicoles was 
compared. An ear of flint com was chosen in which the alicoles were clearly marked and the individual 
seeds were carefully weighed, There were 135 alicoles with two comparable seeds. The average weight 
fA the individual seeds for all the SMds was 430 mgm. The average difference between the seeds of an alicole 
was zi.p mg;m.±i9.5. ® 

It would appear, therefore, that if there was any consistent difference between the weight of the se« 4 s 
borne in pedicelled and sessile spikelets in this ear, the difference must have been something less than 
5 per cent of the weight of the seed. 
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With the recognition of the fact that the interrupted rows represent 
pedicelled spikelets instead of the pedicelled and sessile spikelets of a 
row of alicoles the position of the interrupted rows with respect to one 
another becomes of importance in studying the formation of the ear. 

^llowing the fasdation theory, if both of the rows of pedicelled spike- 
lets of a sin^e branch aborted leadng the sessile, we should find the 
two interrupted rows separated by tvio remaining rows. (This may 
be illustrated by reference to fig. i, D. If the two rows of pedicelled 
spikelets marked a were aborted the two missing rows would be sepa- 
rated by two rows.) This is not what occurs. In the examination of 
many ears in which rows were dropped no instance has been found where 
the dropped rows were either adjacent or separated by two rows. In 
cases where the location of the dropped rows can be determined with 
reasonable certainty the dropped row's are on opjiosite sides of the ear. 
Yet they are not exactly opposite, but missing it by just two rows. This 
is what should occur if the two pedicelled spikelets were dropped simul- 
taneously from a pair of yoked alicoles. It will be recalled that the dorso- 
ventral arrangement of the^ spikelets in the original four-rowed spike re- 
sults in bringing the pedicelled spikelets not exactly opposite, but sepa- 
rated by two more rows on one side than on the other. (See fig. i, E. 
The pedicelled spikelets of a pair of yoked alicoles are marked a. It 
will be seen that they are separated on one side by six rows and on the 
other by eight.) 

The persistence with which ears of maize maintain an even number of 
rows is therefore more wonderful than has been supposed, for it can not 
be fully accounted for by the fact that the spikelets are bom in pairs. It 
must, in addition, be recognized that whej a pedicelled spikelet of one 
alicole is suppressed there is a simultaneous suppression of the pedicelled 
spikelet in»another alicole. The further evidence afforded by Euchlaena 
hybrids is that the two alicoles are the members of a yoked pair whicli 
though standing on opposite sides of the ear, have not lost their identity 
as a structural and developmental unit. 

SUMMARY 

Before the pistillate inflorescences of maize and Euchlaena could be 
compared in detail it was found necessary to recognize as a morphological 
unit the organs borne by a single metamer of the rachis. This unit, 
whether staminate or pistillate, whether composed of one or more 
spikelets, has been called an alicole. 

The stages between a Euchlaena spike and a maize ear as they appear 
in hybrids between .the two genera may be summarized as follows : 

(i) The suppressed pedicelled spikelet in^ach alicole reappears. 

(2) The alicoles become more crowded and their number is increased. 

(3) The alicoles associate themselves in pairs or yokes. (4) The axis 
twists, increasing the rows of alicoles. 
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The order in which these changes occur is by no means fixed, but taken 
together they comprise all the changes necessary in deriving the maize 
ear from the Euchlaena spike. 

In this series of intermediate stages nothing was observed that affords 
support for either the fasciation or “reduced branch” theory of ^ ear 
formation. There is also evidence from the maize ear itself that the 
association of alicoles into pairs is more fundamental than the linear 
arrangement. 

In all the hybrids between maize and Euchlaena that have been ob- 
served there has appeared no suggestion of either pod com or Zea ramosa. 
Since it can scarcely be doubted that the peculiar characteristics of both 
of these mutations represent the reappearance of ancestral characters 
common to the Andropogoneae, it would seem that in crossing maize 
and Euchlaena, and thus calling forth a series of intermediate forms, we 
are not returning to the point in the ancestry of maize where it became 
differentiated from the Andropogoneaef 

Furthermore, if the stages shown in the hybrid plants were to be taken 
as indicating the path of evolution of the ear, it would be necessary to 
assume that the central spike of the staminate inflorescence or tassel had 
evolved separately and along different lines. The close homology 
between the ear and the central spike of the tassel makes such an assump- 
tion unreasonable. 

In the present article emphasis has been placed on the shortening and 
twisting of the axis of a single spike as a possible method of deriving a 
structure like the maize ear from the inflorescence of Euchlaena. This 
has been done, not because the method is believed to represent the most 
probable course of evolution, but because the present discussion has 
been restricted to the evidence afforded by hybrids of maize and Eu- 
chlaena, which seems to require such an interpretation. 

Facts of other kinds are more easliy interpreted by the theories of 
fasciation and reduction of branches, but there are also facts that do not 
seem to accord with any of the theories yet proposed. Until the appar- 
ently contradictory evidence can be reconciled, it seems best to keep 
the several possibilities in mind and await additional^ evidence before 
attempting a complete interpretation. 



PLATE i6 

Intermediate stages between a simple spike of the pistillate inflorescence of Kuch- 
laena and an ear of maize: 

A. — Spike of ptire Florida teosinte. 

B. — Spike ■with slightly shortened axis. 

C. — A still more compact spike mth an increased number of seeds. A-C lia've 
single spikelets and separate two-ranked alicoles. 

D. — Spike with single spikelets and yoked alicoles, irregularly four-rowed. 

E. — Compact spike with two-ranked separate alicoles and single spikelets. 

F. — Spike with paired spikelets and four ranks of yoked alicoles. 

G. — Transition stage between four-rowed and eight-rowed ear. 

H. — Ear of maize with eight rather poorly defined rows of seeds. 
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Plate 17 





PLATE 17 

Pistillate inflorescences of hybrid between Euchlaena and maize; 

A. — Showing pediccllcd staminate spLkelcts with sessile pistillate spikelets. 

B. — Closely compacted inflorescense with two rows of alicoles and four rows of seeds. 
C-E. — Spirally twisted inflorescences, with three rows of alicoles. 



PLATE iS 

Pistillate inflorescences of hybrid between Euchlaena and maize, showing yoked 
alicolcs: 

A-C. — The altcoles are in four rows corresponding xo an eiglit-rowed ear. 

B. — The alicoles are in five rows, corresponding to a ten-rowed ear. 
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CARBOHYDRATE METABOLISM IN GREEN SWEET CORN 
DURING STORAGE AT DIFFERENT TEMPERATURES 

By Charles 0. Appleman, Plant Physiologist, and John M. Arthur, 

Plant Physiologist, Laboratory of Plant Physiology, Maryland Agriculhiral Experi- 
ment Station ^ 

THE PROBLEM 

The present paper deals with the character and kinetics of the processes 
involved in the rapid depletion of sugar in green sweet com after it is 
separated from the stalk and more particularly with the relative rates of 
these processes at different storage temperatures, accurately controlled. 

WORK OF PREVIOUS INVESTIGATORS 

In the course of an extensive sweet corn investigation, Straughn^ 
clearly shows that the loss of total sugars from green sweet corn i*^ very 
rapid during the first 24 hours of storage at ordinary summer temper- 
atures. Working with Stowelks Evergreen, he claims that about one- 
third of the total sugars disappeared during the first 24 hours of storage 
at a room temperature of about 25° C. A further loss occurred during 
the next 24 hours, but when the sugars reached 1.80 per cent no further 
loss was noted- This rate of sugar loss for the first 24 hours of storage 
at one uncontrolled temperature must be considered as merely an approx- 
imation, since analyses of different ears before and after storage were 
compared. The percentage of sugar in the different ears at the time of 
picking showed considerable variation. In the same paper it is con- 
cluded that there is no material advantage to be gained by storing the 
corn in a refrigerator. It should be noted, however, that the refrigerator 
showed a temperature of 23.5° C. during the first 24 hours and there- 
after 17^ C. 

In a later paper by Straughn and Church ^ results are reported showing 
the change in the sugar content of green corn after a period of 36 hours’ 
storage at room temperature. The data furnish very little additional 
information on this problem, as the experimental com was secured upon 
the open market and the sugar loss in this com had nearly ceased before 

1 The cun'cs in figures i and 2 were drawn by John Paul Jones, of this laboratory. 

* Straughn, M. N. sweet corn investigations. Md. Agr. Exp. Sta. Bui. 120, p. 37-78. 1907. 

* Straughn, M. N., and Church, C. G. the influence op environment on the composition op 
SWEET CORN, 1905-1908. U. S. Dept, of Agr. Bur. Chem. Bui. 127, 69 p, ii fig. 1909. 
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the experiment was begun. However, the data are interesting; they 
show the usual low sugar content of green com as it is now purchased 
on the market The percentage of sugar in this com ranged from 1.70 
to 1.49. 

EXPERIMENTAL METHODS 

One of the first problems to solve was a method by which the rate of 
the carbohydrate changes at different temperatures could be determined 
without comparing analyses of different ears. The following method 
was finally adopted: The ears for each experiment were brought to the 
laboratory within 15 minutes after picking and numbered consecutively. 
The first set of samples was taken from ears i and 2, and all ears were then 
placed immediately under the experimental conditions. At the end of 
24 hours the second set of samples was taken from ears i and 2 and the 
first set from ears 3 and 4. After 48 hours the second set of samples 
was taken from ears 3 and 4 and the first set from ears 5 and 6. This 
overlapping method of sampling was continued every 24 hours until the 
experiment was completed. The change in chemical composition dur- 
ing each consecutive 2 4 -hour period of storage could then be determined 
by comparing the analytical results of the first and second sets of samples 
from the same ear. 

Sto well's Evergreen com was stored at seven different temperatures — 
namely, 0°, 5°, 10^, 13°, 20°, 30°, and 4o°C. All the temperatures were 
controlled within about 1 The 30° temperature was controlled within 
o.i^. The com was stored with the husks on, and, in the case of the 
higher temperatures, the ears were placed in large desiccators, with the 
tubulure on the side left open to allow ventilation. Preliminary experi- 
ments showed that, as far as the carbohydrate changes are concerned, 
active aeration of the small number of ears used in each experiment was 
not important during the short experimental period of four days. 

Under the conditions of the experiments there was very little change 
in the percentage of water in the com at any temperature. However, 
the analytical results from the second set of samples were all calculated 
to the moisture of the first set in order to avoid false percentages due to 
loss or gain in "water content during storage. In a few cases at the higher 
temperatures the percentage of water slightly increased on account of 
the accumulation of respiratory water and possibly water set free by 
condensation of polysaccharides. 

ANALYTICAL METHODS 
SAMPLING 

Three rows of kernels were removed for each set of samples, care being 
taken to remove the entire kernel. In order to take the first set of sam- 
ples, the husks were split lengthwise with a sharp knife and then cut 
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half way around at the base. After the kernels were removed the husks 
were brought back to place and held by means of rubber bands. For 
the second set of samples the husks were removed and three rows of 
kernels taken from the opposite side of the ear. 

The com was thoroughly ground to a mash in a small unglazed mortar 
and sampled immediately. On account of the short time required to 
sample the mash it was found unnecessary to surround the mortar with 
cracked ice. Each set of samples furnished material for the following 
determinations: Moisture, total sugars as invert sugar, sucrose, free- 
reducing substances, and starch. The starch was detennined as glucose 
after hydrolysis with dilute acid. 

Moisture. — Approximately 5 gm. of the mash were placed between 
tared watch glasses ground tight and held together by means of a clamp. 
After weighing, the cover glass was removed and the material covered 
with I cc. of alcohol. The samples were then dried to constant weight 
in a vacuum at 80° C. During the first drying a stream of warm, dry 
air was passed through the chamber. The watch glasses were clamped 
together before each weighing. 

Sugars. — When all things are considered, the alcohol method for the 
extraction of sugars from plant material in general seems preferable to 
any other yet devised. Since the procedure by different authors varies 
considerably, a large number of preliminary experiments were performed 
to determine the best procedure for the alcoholic extraction of sugars 
from the particular material at hand — namely, green sw^eet com at 
different stages of maturity. The chief problem was to obtain complete 
extraction of the sugars and at the same time prevent any inversion of 
cane sugar as well as diastase action. 

These experiments show that there is no appreciable hydrolysis of 
either sucrose or starch during boiling in 40 or 50 per cent neutral alcohol 
as long as 60 minutes. However, complete extraction was obtained by 
a much shorter period of boiling, and consequently the loss of alcohol 
during extraction is very much reduced. 

The procedure finally adopted was as follows: Samples of 16 gm. each 
were weighed out into counterpoised 200 cc. Kohlrausch sugar flasks. 
A small amount of caldum carbonate was added to neutralize any acids 
liberated in the mash. It was later found that in the case of sweet com 
this is not as important as in the case of many other plant tissues. The 
samples w^ere covered immediately with 75 cc. of hot 95 per cent alcohol, 
the alcohol being previously measured into small boiling flasks and 
brought to boil on an electric hot plate. After the mixture began to 
boil on the steam bath, 50 cc. of hot water were added. This brought 
the extraction alcohol down to about 50 per cent. The water in the 
sample was taken into consideration in making this calculation. The 
foregoing method precluded any possible enzyme action in the weak 
alcohol while heating up to the boiling point. Small funnels were placed 
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in the necks of the flasks to condense the alcohol and the mixture was 
allowed to boil 30 minutes. While still hot, the flasks were made up fo 
the mark with 95 per cent alcohol and allowed to stand over night. They 
were then shaken, again made up to the mark, tightly stoppered, and 
stored. The final strength of the alcohol in which the samples were stored 
was about 64 per cent. 

When a large number of samples are taken during a comparatively 
short time, as was the case in this work, it becomes necessary to store 
most of the samples for some time. Since the storage problem is an 
important one, a number of experiments were conducted to determine 
the best treatment of the samples to prevent any carbohydrate changes 
during long periods of storage. The final method, previously described, 
was found to preserve the samples for at least 145 days without any 
appreciable carbohydrate changes. After boiling, the samples may be 
safely stored in 50 per cent alcohol. Cold treatment of the samples 
with 53 per cent alcohol inhibited invertase action, but there was con- 
siderable starch hydrolysis after a long period of storage. If the number 
of volumetric flasks is limited, a measured quantity of the filtered extract 
can be stored. In this work 150 cc. were frequently stored. 

The method employed for the determinations of the sugars in the 
solutions was essentially the same as the one described by Bryan, Given, 
and Straughn.^ 

Starch. — Ten gm. of the mash were weighed into counterpoised 200 
cc. Erlenmeyer flasks and immediately covered \vith 50 cc. of 95 per cent 
alcohol. About 0.05 gm. of calcium carbonate was added and after 
thorough shaking the flasks were tightly stoppered and stored. The 
strength of the cold alcohol in the mixture was approximately 80 per 
cent. This was found sufficient to preserve the samples for several 
weeks without any appreciable change in the carbohydrates present. 
The method of weighing out the samples in small flasks, counterpoised 
on torsion balances sensitive to one-fifteenth gm. was found to give 
just as good duplicates as weighing the samples to the third place in 
weighing bottles. By the former method, the samples could be placed 
in alcohol in a very much shorter time. 

The determinations were made according to the following procedure: 
Decant the preser\dng alcohol on to a 9 cm. No. 1 Whatman filter paper; 
add 75 cc. of 50 per cent alcohol and extract 24 hours at room tempera- 
ture, shaking noon and evening; decant completely the 50 per cent 
alcohol; add 50 cc. more of the 50 per cent alcohol and allow to stand 
two hours, shaking three times; decant the alcohol and when all has 
run through the filter transfer the mash to the filter; apply suction 
and drain; add 50 cc. of 50 per cent alcohol to the flask to wash down 


‘Bryan, A. Hugh. Gwen, A,, and Straughn, M, N. extraction oj grains and cattle foods 
FOR THE DSTERiUN.ATIONS OF SUGARS; \ COMPARISON OF THE ALCOHOL AND THE SODIUM CARBONATE 
DIGESTIONS. U. S. Dept. Agr. Bur. Chem. Circ. ji. 14 P* 1911- 
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the sides and transfer to the filter. With small portions of 50 per cent 
alcohol, transfer to the filter any material still remaining in the flask; 
after the alcohol has drained out of the filter, fill up once more with 
50 per cent alcohol and drain. All sugars and any other reducing ma- 
terials are now removed from the residue on the filter. The filter is 
filled twice with 95 per cent alcohol and the residue allowed to dry on 
the filter. The filter paper may be folded over the sample and placed 
in small stoppered vials for another period of storage if necessary. 

The filter paper containing the sample was placed in a Kjeldahl flask 
and covered with 200 cc, of water; sufficient hydrochloric acid was added 
to give a final strength of acid in the mixture of 2.5 per cent. Hydrolysis 
was effected by boiling under a reflux condenser for three hours. 

A number of the filter papers used for the filtration were hydrolyzed in 
the same strength of acid and for the same length of time as the samples. 
Although the papers were claimed by the manufacturers to be starch 
free, they were found to give a small amount of reducing material after 
hydrolysis. However, the amount of this material was consistent in all 
the boxes and in different parts of the box, so it was very easy to make the 
necessary correction for the filter paper in the final results. The starch 
was determined as glucose, but of course it includes any other poly- 
saccharides which furnished reducing substances during the acid 
hydrolysis. 

EXPERIMENTAL DATA 

The work had not progressed far until it was evident that if the moisture 
in the com at the time of picking had fallen below a certain percentage it 
became a factor in controlling the rate of sugar loss. In order to eliminate 
this variable factor, so that attention could be focused upon the tempera- 
ture relation, the experimental ears were carefully selected to represent 
a fairly definite stage of maturity— namely, the typical milk or best 
eatable stage. Ears falling below 80 per cent water were excluded from 
the final calculations. 

The work of the first year was repeated on another crop the succeeding 
year. The results of the two years’ work are averaged in Table I. In 
the experiments of the first year, the carbohydrate changes for each 
consecutive 24-hour period were not determined in duplicate ears as 
described for the experiments of the second year. Each percentage in 
the table, therefore, is the mean of three ears, except in a very few cases 
where the results of one ear were excluded on account of the moisture 
content’s falling below the arbitrary standard. The results of the experi- 
ments at 5° and 15° C. are not given, as they add nothing to the general 
conclusions. The average percentage of sugars in the corn at the be- 
ginning and end of each storage period is indicated by (a) and (6), 
respectively. 
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Table I . — Loss of sugar from green sueet corn during consecutive 24-hour periods of 
storage at different temperatures 

ALL SUGARS 


Number 
of hours 
in 

storage. 

Ear 

lot. 

storage temperatures. 

0° 

C. 

10“ 

C. 


c. 

30^ 

C. 

40" 

C. 

Total.i 

Loss.* 

Total.* 

I,oss.* 

Total* 

Loss.* 

Total,* 

Loss,* 

Total* 

Loss.* 

0 

la 

5-91 


5- 83 


6. 17 


5-34 


6, 72 


24 

lb 

5- 43 

0. 48 

4- 83 

I. 00 

4- 59 

I. 58 

2. 65 

2. 69 

3-64 

3.08 

24 

23 

6. 70 


3- 95 


3. 68 


3-11 


2, 30 


48 

2& 

5- 96 

•74 

3-43 

• 52 

2, 69 

•99 

2. 68 

•43 

I. 69 

. 61 

48 

33 

6.63 


4. 61 


3 - <^7 


I 2. 10 

1 

2. 00 


72 

36 

6. 36 

• 27 

3.92 1 

.69 

2. 52 

•55 

! 2-03 

1 -07 

I. 90 

. 10 

72 

43 

6. 10 


3- 54 i 


2. 24 


I- 59 




96 

4b 

S- 75 

•35 

2-93 1 

: .6I 

1.97 

■ 27 

I. 49 

. 10 




S L CROSE 


0 

13 

3-87 


3-77 


3.68 


00 


4 - 50 


24 

lb 

3 - 73 

0. 14 

3.00 

0. 77 

2-54 

1. 14 

I. 50 

2. 18 

2. 18 

2.32 

24 

23 

4. 06 


2- 53 


1. 84 


I- 52 


1. 18 


48 

zb 

3 - 77 

.29 

1.99 

•54 

I, 17 

.67 

I, 24 

.28 

. 76 

•33 

48 

30 

4. 49 


2. 74 


1.38 


1. 02 


I. 05 


72 

36 

4.25 

.24 

2.30 

,44 

1. 12 

. 26 

•97 

•93 

.91 

. 14 

72 

43 

3-84 


1.87 


I. II 


• 71 




96 

46 

3 - 56 

.28 

I. 41 

.46 

.85 

. 26 

,67 

.04 






tree-reducing 

SUBSTANCES 





0 

13 

I. 84 


I. 85 


2. 07 


1.65 


I. 98 


24 

lb 

I, 70 

0. 14 

I. 68 

0. 17 

1.77 

0. 30 

1. 16 , 

a 49 

1 1.32 

0. 66 

24 

23 

I. 66 


I. 29 


I. 68 


I. 56 


1.06 


48 

2b 

I- 55 

. 11 

I. 2$ 

.01 

1. 41 

.27 

1. 42 

■ .14 

.80 

.26 

48 


I. 91 


I- 73 


I- 55 


: 1. 07 


.90 


72 

3 ^ 

I. 89 

. 02 

I. 50 

•23 

1. 28 

.27 

1.04 

•93 

•93 

. CO 

72 

43 

2. 05 


I - 57 


I- 13 


j .88 




96 

4b 

2. 00 

•05 

I- 45 

. 12 

I. 04 

.09 

' .81 

.07 


1 


' Total quantities of all sugars before and after storage and losses during storage are expressed in per- 
centages. 


The data in Table I show that the loss of sugar from com during 
storage is not uniform, but becomes slower and slower as a final equi- 
librium is approached. The relative rates of processes of this kind at 
different temperatures can be determined accurately only by comparing 
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the times required to perform equal amounts of work at all temperatures, 
and not by comparing the amounts of work performed in equal times. 
In other words, we must compare the times required at the different 
temperatures to bring the process to the same stage. We are thus com- 
paring stages where the ratio between the reacting material and the 
products is the same. Osterhout ^ has recently emphasized this point 
in a “Note on measuring the relative rates of life processes,"’ 

In order to make it possible to determine, on this basis, the relative 
rates of sugar loss at the different temperatures, the experimental results 
in Table I can be easily interpolated by a simple graphic method, to 
be described later, if they can be expressed in curves all starting from the 
same point. 

This could be decided only alter a cardul consideration of all the 
factors involved. If mass action alone were responsible for the gradual 
decline in the rate of sugar loss, then, at a given temperature, the average 
rate of change in any unit of time would be proportional to the sugar 
concentration. For a range of original sugar from about 4.5 to 7 per 
cent and of water from 78 to 80 per cent this was found to be the case 
for the first 48 hours of storage even at 30° C, (Table II) . 


Tabi^e II . — Proportion of sugar lost during first 48 hours of storage at C. 


Ear 

No. 

Reducing 

sujrar 

before 

storage. 

Loss during; storage. 

Total 

sugar 

before 

storage. 

Loss during storage. 

Sucrose 

before 

storage. 

Loss during storage. 

Actual. 

Propor- 

tional. 

Actual. 

Propor- 

tional. 

Actual, 

Propor- 

tional. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Percent. 

Per cent. 

Per cent. 

Per cent. 

I 

I. 70 

0.68 

37 

6. r6 

3 - 59 

00 

10 

4. 24 

2. 77 

65 

2 

2. 40 

1. 02 

42 

7. 20 

3-^7 

54 

4. 80 

2-95 

61 

3 

2. 60 

I- 05 

40 

6. 74 

3. 88 

58 

4. 14 

2, 89 

69 

4 

.0 

. 22 

43 

4*47 

2 - 59 

58 

3 - 33 

2 - 33 

i 69 

S i 

I. 66 

.82 

49 

s-gi 

3 ' 41 

S8 

4. 25 , 

2.68 

1 63 

6 

3.00 


44 

i 

6-55 ' 

3*69 

57 

3 - 55 : 

2-43 

68 


The sugar loss ceases when an appreciable amount of sugar is still 
present. Therefore, the speed of the counter process, that is, the for- 
mation of sugar, becomes a factor to be reckoned with when the processes 
have nearly reached an equilibrium. If at the beginning of storage the 
percentage of sugar in ear i is considerably greater than in ear 2, the 
latter would reach the equilibrium position sooner than ear i. At the 
end of 72 hours of storage at 30° C. ear i might still have 2 per cent sugar 
while in ear 2 the sugar content might be only i per cent. The sugar 
loss in ear 2 being nearer the equilibrium point, the speed of the counter 
process would be greater in this ear than in ear i. Therefore, during the 
next 24 hours the proportionality between the sugar lost and the sugar 

• Osterhout, W. J. V. note on measuring the relative rates of life processes. In Science, 
n. s., V. 48, no. 1233, p. 173-174. i fig. 1918. 
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present would not be the same in the two ears. This was proved experi- 
mentally. 

In considering the rate of the counter reaction in connection with the 
problem at hand — namely, the possibility of expressing the experi- 
mental results in curves all starting from the same point — it must be 
borne in mind that it becomes appreciable only near the point of equi- 
librium, and even then it would affect the proportionality between 
the sugar present and the sugar lost in different ears at the same tem- 
perature only when the percentage of sugar in the ears at the beginning 
of storage varied considerably. 

A decrease in the quantity of active enzymes present would produce a 
steady fall in the values of the velocity constants; this would cause a 
decreasing rate of actual sugar loss. There is no evidence that this 
occurs up to 30° C. 

In view of the foregoing facts, together with the fact that the ears 
selected for the final calculations were all in practically the same stage 
of maturity and therefore contained nearly the same percentage of 
original sugar, the following procedure in preparing the data for con- 
struction of curves all starting from the same point seemed justified. 
The sugar lost during each 24-hour period of storage was calculated as 
proportions of the sugar present in the ears at the beginning of each 
period. The percentages of sugar found in the ears analyzed at the 
beginning of each experiment were then averaged. Ten ears with not 
less than 80 per cent water were included in the final average. 

Taking this mean as the starting point for all temperatures and apply- 
ing the proportions of sugar lost during each succeeding 24-hour period, 
calculated from the experimental data, a new set of proportions was 
obtained, based upon the same original sugar content in all cases. A 
single concrete case may serve to clarify the foregoing procedure. The 
total sugar in all the ears analyzed at the beginning of each experiment 
averaged 5.766 per cent. During the first 24 hours of storage at 30° C. 
the average loss of total sugar in three ears was 50.28 per cent of the 
initial sugar present; that is, the total sugar in the corn was 50.28 
per cent less than at the beginning of storage. Applying this propor- 
tion to an initial sugar content of 5766 per cent, we obtain, after 
the first 24-hour period of storage at 30°, a total sugar content of 
2.867 per cent. Making use of all the experimental proportions in the 
same manner, the percentage of total sugar present at the end of each 
24-hour period of storage was calculated, assuming that the sugar con- 
tent at the beginning of storage was 5766 per cent. Each calculated 
percentage was then substracted from 5766, the initial sugar present. 
The sugar loss, expressed as percentages of the initial sugar, could then 
be calculated for the following storage periods: 24, 48, 72, and 96 hours. 
The same procedure was followed for all the sugars at all the tempera- 
tures, with the results shown in Table III. 
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Table III . — Suyar lossfTom green yiveet corn during different periods of storage at different 
temperatures, expressed as percentages of the same initial sugar at ail temperatures 

TOTAL SUGARS 


Storage temperature. 


Number of hours in storage. 



o"C. 

iq’C. 1 

20° c. 

JO*C. i 

40** C- 


/Vr cent. ! 

Per rent. 

Per cent. 

Per cent. 

Per cent. 

24 

8. 12 

16. 98 

25. 61 

! 50. 28 

45* 79 

48 

14- 51 

27- 95 

45- 73 

57- 09 

60. 15 


18. 03 

38. 71 

55- 50 

1 59- 00 

62. 16 

96 

22. 00 

49. 22 

62. 10 

61. 84 


SUCROSE 

24 

3- 51 

20. 78 

'31- 05 1 

59-42 i 

51-03 

48 

10. 39 

37- 49 

. ^6. 12 

66. 76 ; 

64. 68 

72 

15. 08 

47- 46 

64. 22 

68. 55 

69. 24 

96 

21. 25 

1 

60. 54 

70. 16 , 

70. 19 


free-reducing substances as invert SUGAR 

24 

7- 58 

1 

9. 26 

14. 72 

29. 96 

33- 48 

48 

13. 61 

10. 52 

28. 84 

36. 19 

49. 76 

72 

14. 62 

16, 71 

40, 79 

39- 74 

49. 76 

96 

16. 97 

23-33 

45- 65 

43- 19 



The data in Table III, showing the rate of actual loss for total sugars 
and sucrose, were plotted as curves (fig. i and 2). 

The curve for 0° C. shows a more rapid sugar loss than is typical for 
this temperature. In the first place, it required some time for the corn 
to cool down to this temperature. At the end of each 24-hour period a 
pair of ears were removed from the cold chamber in order to take the first 
set of samples. Although the sampling period was short, the temperature 
of the corn would soon rise a few' degrees above 0°. The loss of sugar 
at the sampling temperature is accumulative in the curve. 

The inversion of sucrose appears to be the controlling process in the 
sugar loss, as the curves for the decrease of sucrose are very similar to 
those for the loss of total sugar. 

TemperatukB coefficient. — Since the curves in figures i and 2 all 
start from the same point, by means of a simple graphic method the 
relative rates of sugar loss at the different temperatures can now be 
determined by comparing the times at different temperatures required 
to do the same amount of work. As an illustration we will choose a 
stage in the depletion of sugar when 40 per cent of the total sugar is lost; 
in other words, at this point the sugar in the corn is 40 per cent less 
than at the beginning of storage. A horizontal line is drawn from 
108124®-19 2 
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this point through all of the curves. Vertical lines are now dropped 
from the points of intersection to the base line. The times in hours 
required at the different temperatures to bring the sugar loss to this point 
are read off on the base line (see fig. i). The procedure was repeated 
for all the percentages given on the ordinate. 

The relative rates of sugar loss at the different temperatures are ex- 
pressed in Table IV as the reciprocals of the times in hours required to 
bring the process to five different stages. The temperature coefficients 
were obtained from these reciprocals. The results at 40° C. were not 



Fig. X. -^Depletion of total sugars in green sweet corn during consecutive a4-hour periods of storage at 
different temperatures. The oidmates are given by the numbers on the left of the figure and represent 
tbe Joss of sugar expressed as percentages of the initial sugar, which was 5.91 per cent, wet weight. 


included in the foregoing calculation as there was evidently destruction 
of the enzymes or other alteration in the system by the high temperature. 

Some of the curves for the sugar loss, expecially those for sucrose, 
approach true logarithmic curves; and satisfactory constants were 
obtained for most of the storage period by applying the simple uni- 
molecular equation. During the latter part of the period there was a 
falling off jn the velocity constants^ due no doubt to the counter reaction. 
The simple uni-molecular equation assumes that the reaction proceeds 
to completion or so near completion that the speed of the counter may 
be ignored. However, as Osterhout has shovm in the paper previously 
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cited, it is not necessary to determine the true velocity constants of a 
process under different conditions if only the relative rates are desired. 
This may be accomplished in the manner indicated in Table IV by com- 
paring the reciprocals of the times required to do the same amount of 
work. 

In general, it may be stated that up to 30^^ C. the rate of sugar loss in 
green com is doubled for every increase of lo*^. This applies to both 
total sugars and sucrose. It should be noted, however, that between 
and 10° the temperature coefficient for sucrose is considerably greater 
than 2. 



H 0 (J £ s 

Fig. 2 .— Depletion of sucrose in green Sweet com during consecutive 24-hour periods of storage, expressed 
as percentages of the initial sucrose in the com, which was 3.87 per ■ctnt, wet weight. 


Respiration.—Iu a former paper the writer ^ has shown that respira- 
tion in green sweet corn after it is first pulled from the stalk is compara- 
tively high. During the first 24 hours of storage at 30° C. the com 
^\^th the husks removed respired at an average rate of 30 mgm. of carbon 
dioxid per kgm. per hour. This rate became slower and slower until it 
reached, in eight days, a constant rate of about 18 nigm. of carbon 
dioxid per kgm. per hour. Respiration of course consumes sugar and 
therefore accounts for some of the depletion of sugar in sweet corn 

1 APPhBMAN, Charles 0. RespiRATiOK .^nd catai,a5G activity in sweet corn, hi Smer. /f>ur. 
Bot., V. 5, p. 20?-2o9, i9rR. 
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during storage. During each consecutive 24-hour period of storage the 
percentage of sugar in the corn, however, is only slightly altered by res- 
piration, as shown by the following illustration. Straughn, in the paper 
previously cited, averaged the weight of kernels and cobs from 18 ears 
and found that the kernels averaged approximately 50 per cent of the 
total weight. If we assume that all of the carbon dioxid came from the 
kernels, then 500 gin. of kernels would produce 1,200 mgm. of carbon 
dioxid during the first 24 hours’ storage at 30^. From the formula 

CeH.oOe + 6O2 - 6 CO, -f- 6H2O 


1 ,200 mgm. of carbon dioxid would correspond to the consumption of 
818.61 nigm. of sugar. The consumption of this amount of sugar by 
respiration would free in the system 491.343 mgm. of water. 

Table IV . — Reciprocals of the times, in hours, required at different temperatures to bring 
the sugar depletion in sweet corn to five different stages. A Iso the temperature coefficients 
obtained from these reciprocals 


PcrtfiUa'.;*.' of ui.MlU MU'ar 


Storage 

tempera- 

ture. 


10 . 


20 . 


30 - 


40, 


50- 


60, 


°C. 

0 

10 

20 

30 

o 

10 

20 

30 

10 

20 

30 

10 

20 

30 

10 

20 

30 

10 

20 

30 


Average temperature coefficient, 


Reciprocals of time 
periods. 

Temperature 

coefficieuts. 

Total 

sugars. 

Sucrose. 

Total 

sugars. 

Sucrose. 

a 0303 

0. 02 1 7 



.0666 

.0833 

2. 2 

3-91 

. 1041 

. 1282 

I. 56 

53 

.2083 

.2777 

2. 00 

2. 16 

. 0122 

. 0108 



.0320 

. 0416 

2. 62 

3-85 

.0520 

. 0666 

I. 62 

I. 60 

. nil 

.1388 

2. 13 

2. 08 

. 0184 

. 0268 



•0354 

.0427 

I. 92 

i ‘59 

.0724 

.0925 

2. 04 

2. 16 

.0131 

. 0191 



*0252 

.0326 

I. 92 

I. 71 

•055s 

. 0694 

2.30 

2. 12 

. OIOI 

• 0136 



.0173 

.0256 

I. 71 

1.88 

. 0406 

•055s 

2 . 34 

2. 17 


. 0104 




. 0171 


r. 64 


. 0416 





43 

1 1 

2.04 

2. 14 


For the sake of simplicity, we will confine the system to 100 gm. of 
com and suppose that at the beginning of storage it contained 5 gm. or 
5 per cent sugar and 80 gm. or So per cent water, a fair average for the 
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com used in this work. According to the foregoing rate of respiration 
this system would lose 163.72 nigm. of sugar during the first period of 
storage of 24 hours. At the same time 98.269 mgm. of water would be 
freed in the system. Our system would now contain 80.0983 gm. of 
water and 4-8363 gni- of sugar. By correcting for the slight loss of dry 
matter, the system would contain 80.1507 per cent water and 4.8395 
per cent sugar. These percentages would be those found by actual 
analysis of the 100 gm. of com after 24 hours’ storage, assuming that no 
other changes occurred besides respiration. 

If we now calculate the percentage of sugar on the basis of the original 
water in the system, as was done in all cases in this work, the percentage 
of sugar would be 4.8726, showing a loss by respiration of 0.1274 per cent. 

It should be noted that the rate of respiration chosen for this illustra- 
tion was the rate for the highest period at 30® C. It was also assumed 
that all of the carbon dioxid came from the kernels. During the imma- 
ture stages of the com it is very probable that some of the sugar in the 
cob is consumed by respiration. 

During the later periods at the high temperatures and for all periods 
at the low temperatures, the change in the percentage of sugar by res- 
piration during the short periods of 24 hours would be practically within 
the experimental error for the sugar and moisture determinations. 

One ton of husked green sweet com, during the first 24 hours of stor- 
age at 30° C. w^ould lose approximately 3.2 pounds of sugar on account 
of respiration. 

Under certain conditions, however, respiration may become an impor- 
tant factor in accelerating the depletion of sugar from green sweet com. 
One of the products of respiration is heat. This heat of respiration will 
raise the temperature on the inside of large piles of green corn to a very 
marked degree. The increased temperature accelerates not only the 
respiratory process itself but also the other processes responsible for 
most of the sugar loss. Aeration of green corn is therefore important in 
order to dissipate the heat of respiration. In other words, green com 
should not be allowed to remain in large piles for even a short time, 
especially during midsummer temperature. 

Starch formation. — If the sugar is all converted into starch or other 
polysaccharides, hydrolyzed by dilute acids, then the sum of the total 
sugars and the polysaccharides as glucose should be the same before and 
after storage. During the first period there is a slight deficit after 
storage, especially in the more immature ears. A part of this deficit is 
due to the high respiration of this period; but some of it is probably 
accounted for, in the immature ears when the sugar is high, by the for- 
mation of cellulose. During the later periods of storage many of the 
ears, depending largely upon the stage of maturity, show a slight increase 
in the sum of the total sugars and polysaccharides. This is true espe- 
cially at the higher temperatures and is probably accounted for by the 
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sugar of the cob being drawn into the grain for starch formation as the 
sugar in the grain is depleted. Analyses of cobs from immature ears 
gave a total sugar content of about 7 per cent. The sugar in the cob 
decreased slightly during storage, but there was no starch formation in 
the cob. 

After noting these exceptions, which alter the balance only slightly, 
it may be stated in general that most of the sugar loss in green sweet 
corn is balanced by the gain in polysaccharides, chiefly starch (Table V). 

Table V . — Depletion of sugar in green su'eet corn balanced chiefly by formation of 
polysaccharides hydrolyzed by dilute acid 

0° C. 


Total sugars plus polysaccharides as glucose. 


Ear No. | 

j First period. 

Second period. 

j Third period. 

Fourth period. 


1 

0 hours. 

24 hours. 

24 hours. 

48 hours. 

1 

48 hours. 

i 

72 hours. 

, 1 

73 hours. 

96 hours. 

I 

Per ceni. 

Per cent. 
II. 04 1 
10, 67 

Per cent. 

12. 40 
14. 84 

Per cent. 
12 ' 39 1 
15 ' 35 ; 

j 

Per cent. 
II. 07 j 

Per cent. 
11. 29 1 

Per cent, 

■ 13-57 
33- 41 

Per cent* 

13 ' 56 

1 12. 68 

2 

10. 72 



1 

Average. 

1 

iaS6 

la 86 

13, 62 

13 - 87 

11.07 

II. 29 

^ 3 - 49 

13. 12 


10° c. 


1 

I 

14. 56 

14 - 53 

15. 26 

15. 89 1 

15-86 

1 

15-35 

1 

14.29 

15- 05 

2 

1 

11. 79 


14. 01 

13 - SO 

11,93 ' 

II, 58 

10. 81 

iol 49 

Average. 

13 - 18 

12 . 95 

14.64 

14. 70 

13.89 

13- 47 

12- 55 

12. 77 


20 ° C. 


1 

II. qo 

10. 83 

II. 09 
9-97 

IS- 19 
13. 64 

12. 13 

IS- 13 
13 - S8 
11. 20 


10. 56 
10. 24 

12. 20 

ro. 93 
13 - 34 

2 j 


'1 . 

12. 67 

J * 




Average. 

II. 16 

10*53 ' 

13* 65 

13- 30 : 

11-35 

II. 00 

12. 14 


30" C. 


I 

14 - 75 

14- 10 

13 - 39 

13 - 55 1 

13-30 

13-32 * 

i 

12, 48 

12. 66 

2 

12. 20 

10-53 

16. 77 

! 17 - 24 

12. 16 

12. 66 

12. 17 ; 

12. 61 

3 1 



13- 13 

12. 01 

10. 80 

12. 36 

II- 43 ; 

12. 17 

Average. 

13. 48 

12.31 1 

14-43 

14. 26 

1 

12. 08 

12. 78 

12, 02 

12. 48 
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SUMMARY 

The data recorded in this paper apply to Stowelhs Evergreen corn, 
picked in the typical milk or best eatable stage and having a water 
content of approximately 80 per cent. 

A method was devised by which the rate of sugar loss from green 
sweet com could be determined for consecutive 24-hour periods of storage 
by comparing analyses of corn from the same ear. 

The depletion of sugar in green sweet com after it is separated from 
the stalk does not proceed at a uniform rate but becomes slower and 
slower until finally the loss of sugar ceases when the initial total sugar 
has decreased about 62 per cent and the sucrose about 70 per cent. 
Calculated on the basis of original moisture, the corn contained, 
when the depletion of sugar ceased, approximately 1.5 per cent total 
sugar as invert sugar, 0.7 per cent sucrose, and 0.8 per cent free-reducing 
substances. The actual percentage of sugars -would depend upon the 
amount of water in the com after storage. Under the experimental 
conditions there was very little change in the percentage of water 
in the com employed in this work. 

Reversibility of the chief processes involved in the sugar depletion, 
resulting in an equilibrium between the rate of sugar loss and the rate 
of sugar formation, would account for the cessation of actual sugar loss. 

During the early periods of storage, the falling off in the rate of 
actual sugar loss is due to mass action. When the equilibrium is nearly 
reached the counter reaction, that is the formation of sugar, also tends 
to slow up the rate of sugar loss. Any destmetion or decrease in the 
quantity of enzymes present would produce a falling off in the value 
of the velocity constant, with a consequent decrease in the rate of 
actual sugar loss. There is no evidence that this occurs up to 30® C. 
At 40° there is actual destruction of the enzymes or other altera- 
tion on the system. The rate of actual sugar loss must not be con- 
fused with the velocity constant. 

Raising the temperature simply hastens the attainment of the equilib- 
rium positions, which seem to be about the same for all temperatures. 
At 30° C., 50 per cent or most of the total sugar loss occurs during the 
first 24 hours of storage. At 20°, 25 per cent, and at 10°, or good 
refrigerator temperature, only about 15 per cent is depleted during the 
same period. 

Relative rates at different temperatures, of processes that become 
slower and slower until an equilibrium is reached, can be accurately 
determined throughout this entire course only by comparing the times 
required to bring the process to the same stage at all temperatures. 
In order to make this comparison possible the experimental results 
were interpolated by a simple graphic method. The temperature 
coefficient was then obtained by comparing the reciprocals of the times 
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required to do the same amount of work at the different temperatures. 
In this manner the temperature coefficients were determined for six 
different stages. Up to 30° C. an average coefficient of 2.03 was obtained 
for the loss of total sugars and 2.14 for sucrose. From to 10® it 
was greater than 2 in the case of sucrose. 

In general, it may be stated that the rate of sugar loss, until it reaches 
50 per cent of the initial total sugar and 60 per cent of the sucrose, is 
doubled for every increase of 10° up to 30° C. 

Respiration in green corn is comparatively high when the com is 
first picked but falls off rapidly with storage. This process, however, 
accounts for only a small part of the actual decrease in the percentage 
of sugar in the corn during the consecutive 24-hour periods of storage 
even at 30° C. One ton of husked green sweet com during the first 
24 hours of storage at 30° would lose approximately 3.2 pounds of 
sugar on account of respiration. 

Respiration may become indirectly a more important factor in accel- 
erating the depletion of sugar by raising the temperature on the inside 
of large piles of green corn. 

Most of the decrease in the percentage of sugar in green sweet corn 
during storage is due to condensation of polysaccharides, chiefly starch. 



CERTAIN RELATIONSHIPS BETWEEN THE FLOWERS 
AND FRUITS OF THE LEMON ‘ 

By Howard S. Reed 

Professor of Plant Physiology, University of California 

The physiological characteristics of the cultivated lemon make it an 
interesting object for study, since its period of blossoming and fruiting 
extends through much of the year. On most lemon trees it is possible to 
find all stages of development between blossoms and mature fruit through- 
out the year, though in varying amounts. There are distinct cycles in 
both the vegetative and fruiting activities of this tree whose limits are 
recognized by those engaged in its cultivation. One of the objects of the 
present study was to obtain quantitative records of these cycles and 
especially of the relations between flowers and fruit. 

The present study attempts to discuss : 

(а) The seasonal distribution of the fruit buds; 

(б) The size and productiveness of the inflorescences; 

(c) The time required for the growth of fruit and the relation of this 
time to the season at which the buds appear; 

(d) The numerical ratio of flower buds to mature fruit. 

The material studied consisted of a small group of Lisbon lemon trees 
located on the Limoneira ranch near Santa Paula, Calif. The trees stand 
in the midst of a large lemon grove and have received good orchard treat- 
ment with respect to cultivation, irrigation, and so forth. No especial 
attention in these particulars was given to the trees during the time 
observations were being made. All were free from injurious insects and 
fungous diseases. Each month for one year approximately 50 fruit 
twigs bearing fruit buds ready to open were selected and marked with 
identification tags. The twigs were chosen on seven adjacent trees, six 
of which were full-bearing trees 22 years old. The seventh was 6 years 
old, but was very fruitful. As soon as a twig was selected an entry was 
made on a special blank on which full records could be subsequently kept 
concerning leaves, buds, fruits, and new twigs. Once a month the twigs 
were examined and the data recorded on special blanks. 

When the first year ended 1 2 lots of twigs had been selected and marked, 
and from that time the records on all twigs were continued for another 
year. Thus the first twigs selected were under observation for two years 
and the last for one year. A total of 610 twigs was selected and observed, 
but there was some loss due to the removal of tags by winds, so that the 
final number was somewhat less than 600. The partial records of twigs 
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w'hosc tags disappeared were discarded. The writer is indebted to the 
management of the Limoneira Co. for their friendly cooperation in this 
work, as well as to various members of the staff of the Citrus Experiment 
Station for their assistance in the tedious work of obtaining and com- 
piling data. 

All biological work, especially work done in the field, is accompanied* 
by inevitable error. The present is no exception. In August, 1916, much 
of the small fruit on these trees was killed during their fumigation with 
hydrocyanic-acid gas to kill insects. The following November the trees 
blossomed profusely, perhaps due to the earlier loss of a portion of their 
crop. In the early months of 1917 some of the small fruit was killed by 
freezing temperatures, in spite of the fact that oil heaters were used in 
the grove and all vigilance was exercised to avoid losses. In June, 1917, 
following a period of very hot weather, much of the more mature fruit 
fell from the trees. It might be thought advisable to discard a portion 
of the records which are known to be subject to these errors, but why 
should one discard errors due to climatic conditions which he recognizes 
while retaining other possibly greater errors which he does not recognize? 


SEASONAL DISTRIBUTION OF FRUIT BUDS 


The lemon tree continually produces fruit buds, yet their distribution 
through the year is not uniform. Information upon their seasonal dis- 
tribution was obtained from the data for 4,545 “new buds”; that is, buds 
which appeared on tvrigs subsequent to the selection of these twigs for 
the purpose of study. These data were used to avoid the results of 
conscious or unconscious selection by the person who chose and tagged 
the original twigs. For example, because large clusters of buds are more 
conspicuous, a larger percentage of the fruit buds on the tree may have 
been chosen at one time than at another. The effect of this would have 
been to give larger records at one season and lower at another. It 
should be remarked, however, that since we were dealing with what is 
r^gnized as “fruit wood” the average number of buds on the twigs 
selected might be higher than for. the average twig of the tree. 

The figures given in Table I show the percentage of the new buds 
which were produced in the different months of the year and are based 
upon the observations of 4,545 buds during a period of two years. 

TabLIJ I . — The dislTihuiion of le^non huds hy inonihs 
[Average for 1916 and rgi?) 


Januar>', . 
February. 
March . , , 

April 

May 

June 


Month. 


Buds (per- 
centage of 
total). 


0.51 

■37 
29. 74 

36- 13 


4.55 

3. 00 


j Buds (per- 
Month, I eentageof 

I total). 

- i 


Julv 

.....! 4. 81 

August 

i 2. 08 

September 

i I. 18 

October 

' 1-83 

November 

13-11 

December 

2. 56 
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A sun^ey of this table and of figure i shows that there are two periods 
in the year at which fruit buds were principally produced. In round 
numbers, about 66 per cent of the buds appeared in March and April, 
about 13 per cent appeared in November, and 20 per cent between April 
and November. There was, therefore, a very pronounced seasonal dis- 
tribution of fruit buds on the trees obser\xd. 



Jan. Feb. AVdT. Apv. Jui\e Avj^. .Sept. Oftt 


Fig. I, — Average moutlily production of lemon buds during the year. 

The appearance of large numbers of fruit buds in March and April is 
undoubtedly related to the greater activity of the tree, following its 
slower winter growth. The secondary maximum in November, following 
the last growth cycle of the tree for the season, is not so easy of explana- 
tion. It might be assumed that the appearance of buds at this time was 
a reaction to the large supply of elaborated food material in the tree 
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and that the tree responded by putting forth fruit buds, while hindered 
by climatic conditions from producing vegetative growth. 

In view of the fact that there are two periods of the year in which 
there is a maximum production of buds, it is logical to expect that the 
coefficient of correlation between time and number of buds would be 
negative, since the maximum production is in the early part of the year. 

Table II shows the array for the figures representing the production 
of new buds by months. 

Table II . — Correlation between new btids a^id the month in which they appear 


^ronths, be ginning with Jfarch 



r=-o.65o±o.ii2 

The coefficient is strongly negative and is in harmony with the obser- 
vations, showing that the numbers of new buds decrease after the spring 
months, though not in a strictly linear regression. 

A certain synchronism was frequently observed in the production of 
new fruit buds. If a branch blossomed heavily in March, it would 
blossom heavily again in July. A branch which blossomed heavily in 
August was likely to blossom heavily in November. 

thh size and productivenBvSS oe the inflorescences 

The lemon flowers occur singly or in clusters. During, the rapid growth 
of spring large inflorescences are common; at other seasons the inflores- 
cences are smaller and many of them possess only one flower. 

Statistical studies were made to ascertain the range of variability and 
the productiveness of the inflorescences on these particular lemon trees. 
Data on 1,363 inflorescences which appeared during the course of the 
obsen'ations were examined. The number of flowers per inflorescence 
ranged from i to 28. The relative frequency of the inflorescences in rela- 
tion to the number of buds per inflorescence is shown in Table TIL The 
data show that the greatest frequency occurred in the class of inflores- 
cences which bore a single bud and that the frequencies decreased quite 



July- JS. 1919 


Relation between the Flowers and Fruits of the Lemon 157 


unifonnly as the number of buds per inflorescence increased in succeeding 
classes. From these data the following constants were calculated: 

Mean number of buds per inflorescence = 4.784 ±0,071. 

Standard deviation = 3.916 ±0.050. 

Coefficient of variability = 8i.86±i.62. 

An inspection of the figures shows several interesting relationships. 
The number of buds per inflorescence shows no tendency whatever to 
follow the normal curve of errors; therefore we may conclude that the 
number is not determined by pure chance, but, on the contrary, is fixed 
by some other influence. If the number of buds had been determined 
by purely casual factors, such as position on the tree, age of wood, or 
climatic conditions, we should be warranted in expecting* a purely chance 
distribution. In a following paragraph it is shown that there is a cor- 
relation indicating that larger inflorescences occur in the spring months, 
but the coefficient expressing this correlation is not such that much 
emphasis can be laid upon it. 

Tabi^K III . — Frequency of inflorescences in relation to number of buds they prodticed 


Ntimbpr 
of buds 
per inflo- 
rescence. 

Number 
of inflo- 
rescences 
observed. 

Number 
of buds 
per inflo- 
rescence. 

Number 
of inflo- 
rescences 
observed. 

Number 
of buds 
per inflo- 
rescence, 

Number 
of inflo- 
rescen CCS 
observed. 

■ Number 
of buds 
per inflo- 
rescence. 

Number 
of inflo- 
reseences 
observed. 

1 

239 

9 

51 

17 

7 

25 

2 

2 

216 

10 

37 

iS 

4 

26 

I 

3 

173 

ri i 

18 

19 

2 

! 27 

I 

4 

168 

12 

20 

20 

0 

i 28 

2 

5 

134 

13 ! 

18 

21 ' 

0 



6 

125 

14 ! 

7 

22 i 

3 1 


1.363 

7 

62 

^5 i 

7 

23 

1 2 



8 

53 

1 

16 

i 

11 

24 

0 I 




Since the distribution of the buds on the inflorescences departs so 
widely from that to be expected upon the basis of pure chance, it seems 
logical to assume that it is determined by factors which reside in the 
tree and not by external factors. In other words, the Lisbon lemon 
tree has an inherited tendency to produce few-flowered inflorescences 
which outweighs the effect of external influences. 

The writer has foimd very few recorded studies upon this question, 
though it would seem worthy of study both from practical and theoretical 
standpoints. The frequency of distribution of the number of seeds in 
receptacles of the lotus {Nelumhium luteum) was found to agree very 
closely with that of a chance distribution.^ It should be noted, however, 
that the two cases differ in the morphology of the organs in question. 
In lotus we are dealing with an organ developing from a compound 
ovary — that is, with one flower; but in the lemon inflorescence we are 
dealing with a short branch bearing flowers. It is possible that the 

Pbarjl, Raymond. Variation in the number or seeds of the lotus. I n Amer, Nat . . v. 40 . “o. 479 . 
P- 7Sr768, 4 fig-. 1906 . 
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number of seeds developed from a compound ovary is dependent upon 
a set of external, casual factors, such as amount or variability of pollen, 
conditions under which pollination occurs, and access of the mother plant 
to suitable supplies of nutriment. On the other hand, the number of 
flowers produced on an inflorescence may be more largely predetermined 
in the mother plant by such internal factors as those which determine 
the position and arrangement of leaves and others which act to produce 
generic and specific characters. 

The study of the inflorescence may be carried a step further by attempt- 
ing to determine whether the larger inflorescences were more character- 
istic of one season than of another. If so, it might show whether the 
size of the inflorescence is in any way influenced by seasonal conditions. 
Data for 403 inflorescences were available and represented a fair random 
sample as far as seasonable distribution is concerned. Table IV shows 
the correlation between the average number of new inflorescences on the 
seven trees and the average number of buds per inflorescence. It seemed 
more nearly correct to make this sort of correlation than one between 
months of the year and number of buds per inflorescence, since it eliminates 
irregular regression due to periodicity, leaving numbers of buds as the 
two factors for correlation. 


Table W .—Correlation between monthly average size of inflorescence and numbers of 
inflorescences produced 

Average size of inflorescence (number of buds) 



The average number of new inflorescences per month on the seven 
trees ranged from 2 to 170; the average size by months ranged from i , i 
buds to 5,4 buds. The coefficient of correlation between these factors 
is 0.351^0.171. Since the coefficient is only twice its probable error 
we must regard it as rather doubtful in indicating a correlation between 
these factors. It may be taken, however, to indicate that larger inflores- 
cences were more abundant in seasons in which the number of new buds 
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was greatest — namely, in the spring months, or at other times at which 
the activity of the tree is at its height. This conclusion is in agreement 
with the repeated observation that thrifty trees most commonly bear 
lemons in clusters. 

The next question to be investigated was one of considerable physio- 
logical interest! What is the correlation between the number of buds per 
inflorescence and the numbers of fruits matured per inflorescence ? 

A positive correlation approaching i is to be expected in case buds 
on all sizes of inflorescences have equal chances of development; a value 
much below this indicates that a bud on a larger inflorescence has a 
poorer chance. It is certain from the nature of the case that there must 
be some relationship between the two, since an inflorescence having only 
I flower could not produce more than i fruit, but an inflorescence pos- 
sessing 20 flowers may or may not mature a proportional number of 
fruits. If we take the fruits whose history could be definitely ascertained 
and arrange them with regard to the size of the inflorescence from which 
they developed, we get the arrangement shown in Table V. 

Table V. — Correlation between numbers of buds and fruit on inflorescences of various 

sizes 


Fruits matured per inflorescence 



r =o.t 78 ±o.oi; 
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As determined from these figures, the coefficient of correlation is o. 178 ± 
0.017, indicating a positive correlation between the size of the inflores- 
cence and the number of fruits it brings to maturity. The small value 
of the coefliciejit, however, is worthy of note. It was previously men- 
tioned that we should expect upon a priori grounds a definite relationship 
between flowers and fruits, especially in the case of the smaller inflores- 
cences. It will therefore be in order to inquire whether the larger 
inflorescences are relatively as fruitful as the smaller. 

In order to secure a measure of the relative fruitfulness of the inflor- 
escences, I have used a formula which Harris ^ published several years 
ago. The correlation coefficient as here used is intended to measure the 
correlation between the number of fruits produced per inflorescence and 
the deviation of this number from its probable value, in case the number 
of fruits per inflorescence is in the same proportion to the number of 
buds per inflorescence as the total number of fruits to buds in the entire 
population. It is computed from the formula, 

^ x!^ V 

‘ -yjl r^xv "i" iXxy ^ y) 

where ;c = buds and y = fruits per inflorescence, and Vy are the coeffi- 
cients of variability of the two characters, and z is to be read as “the 
deviation of the number of fruits per inflorescence from its probable 
value.’' 

The value of this correlation as computed for the lemon inflorescence 
is rax = 0.1 83 ±0.01 8. 

This negative value of is interpreted to mean that there is a distinct 
negative correlation between the size of the inflorescence and its power 
to develop its buds into fruits. In other words, a bud on one of the 
smaller inflorescences has a greater chance of becoming a mature fruit 
than a bud on one of the larger inflorescences. The competition between 
individual buds on larger inflorescences seems to be too severe to allow 
all to suivdve. It is not, therefore, probable that the larger inflorescences 
are able to mature proportionally larger numbers of buds. 

Heiaicke ^ has recently reported that the reverse relationship exists in 
the case of the apple trees he studied. His figures indicated that a higher 
percentage of flowers develop into fruits on spurs producing six flowers 
each than on spurs producing four or five flowers. Further data on this 
question are to be desired. 

» Harris, J. Arthur, The coRREfcAXio.v between a VARiABiE and the deviation of a dependent 
VARIABLE PROM ITS PROBABLE V-UVE- In Biometrika, V. 6, pt, 4, p. 438-443. 1909. 

Correlation in the lnflorescence of Celastros scandbns. In Mo, Bot. Card. 20th Arm. 

Rpt, p. 116^122. 1909. 

* IlBINICKE. Arthur J. T? ACTOR.'J IVFLUENCINa THE ABSCISSION OP FLOWERS .\ND PARTIALLY DEVELOPED 
FRUITS OP THE APPLE (PvRUS MALUsI,.). N. Y- Cornell Agr. Exp, Sta. Bui, 393, p, 41-114, illus. 1917. 
Bibliography, p, 112-114. 
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THE TIME REQUIRED FOR FRUIT TO DEVELOP FROM BLOSSOM TO 

MATURITY 

Lemon fruits grow slowly in comparison with the fruits of most decidu- 
ous trees. About two months are usually required from the unfolding 
blossom until a lemon fruit reaches a diameter of X inch. The 
time required for the fruit to reach a size of 2X inches (a desirable 
commercial size) varies according to conditions from 7 to 14 months. 
I^rom the standpoint of the producer it is desirable to have the lemons 
reach mature size as soon as possible. A lemon which grows uniformly 
and rapidly is usually of superior quality. It reaches the size required 
for marketing without turning yellow to any appreciable extent; it de- 
velops the desired flavor after being artificially cured and withstands 
deteriorating influences during transportation and storage. 

In the lemon the ovary begins to grow very soon after the perianth 
withers and falls off. The style adheres for some time after this, but 
eventually the stigma and a part of the style separate and fall away. 
“Time of maturity” is regarded as the time at which a lemon is har- 
vested. This time is usually determined by one of two things, either 
the fruit has reached a diameter of 2 % inches or it has lost all green color 
from its surface. 

The records of 239 fruits were examined and the time at which they 
were set was ascertained. The observations on the time required for 
maturity are given in Tables VI and VII. It was found that the time 
required to mature individual lemons ranged from 7 to 14 months. The 
average time for all lemons in these records was 10.2 months. On 
account of the small number of lemons set in the months of November, 
December, January, and February, the figures for these months are 
omitted from Table VI, because of the inevitably larger error involved 
in a,veraging a few numbers. The reader will understand that fruit set 
in a given month was a bud in the preceding month. If this is borne in 
mind, there is no confusion in comparing Table VI with other tables in 
this paper. 

Table VI. — Average time required for grouih of lemons to maturity according to the 
month in which fruit set 


ilonth in which fruit 
was set. 


Number 
of fruits 
observed. 


Mean time 1 ; 

required for ij Month in which fruit 
maturi t y. N um- j , was set. 

ber of months. |l 


Number 
of fruit.';, 
observed. 


I ^fean time 
I required for 
^maturity. Num- 
I ber of months. 


March 
April, 
May , . 
June. . 


8 

43 

70 

20 


10. rio. 47 II July 

10. 3rb . 16 !| August. . . . 
9. 8i .10 II September. 
9. 8± .30 ji October. . . 


41 

23 

10 

9 


9. 3-*-o. 18 

.23 

1 1 . .38 

II. 7 ± .39 


The table shows that there was a variation of about 2J2 months in 
the average time required to produce a lemon, depending upon the month 
in which it set. Lemons which were set in May, June, and July came 
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to maturity in minimum time, and those set in August, September, 
and October required the maximum time. 

Further light on the relation of the time of maturity to the time of 
setting was afforded by determining their correlation coefficient. Table 
VII shows the data. February is denoted as the first month in the 
subject column, since active growth begins in that month; and January 
is the last month. 

TabIvE VII . — Correlation between the month in which lemons set and the time required 
for maturity 



The correlation coefficient denotes a positive relationship between the 
two factors, though its magnitude is not sufficient to warrant much 
emphasis. We can conclude that the season at which fruit is set in- 
fluences, but does not absolutely determine, the length of time which 
will be required for maturity. Thus, fruit set in May had a range in 
time of maturing from 7 to 14 months, although about half the fruit 
required 10 months. 

THE RATIO BETWEEN BUDS AND FRUIT WHICH REACHED MATURITY 

The lemon may develop without pollination of the flower, therefore 
the proportion of fruit to buds may be expected to indicate the produc- 
tiveness of the tree without entire dependence upon the chance of polli- 
nation as already intimated; however, the productiveness of the tree is 
great!)' influenced b}' various environmental factors, especially by 
meteorological factors. Soil environment, as influenced by the applica- 
tion of fertilizers or water, affects fruit production; but its influence is 
not so abrupt and does not make itself quite so conspicuous as the former 
complex of factors. 

An examination of these records may be of interest as an indication 
of what happens under good commercial culture. These trees stood in 
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a large plantation, receiving regular orchard treatment during the time 
observations were being made, and exposed to the vicissitudes which 
beset the commercial orchards. The effects of vinter cold and of sum- 
mer heat are plainly visible at places in the records, yet there is no reason 
to expect that the average lemon tree may escape the vicissitudes which 
befell these. The figures shoviing the proportion of buds which develop 
into mature fruit were based only upon observations made early enough 
to allow fruit to mature before the close of the observations. 

Several definite stages in the development of fruit have been recog- 
nized in making this study. They are as follows: (i) the plump bud 
just ready to open; (2) the flower; (3) the first stage of the fruit at which 
the corolla has fallen but the style is still attached, designated for con- 
venience “style attached”; (4) the young fruit having a diameter of 
% inch and having lost the apical portion of the style; (5) the fruit 
having a diameter of 2 % inches, ready to pick. 

The individual histories of a random sample of lemon buds were 
followed from stage to stage to see what proportion sur\dved and to 
locate, approximately, the time of heavy mortalities. A sample of 
4,440 buds which appeared during the observation period was chosen. 
Their developmental history is shown in Table VIII. 


Table VIII . — Ratio of lemon huds to fruits which reached va/rious stages 


stage of dev'dopment. 

Number 

observed. 

Per t-ent. 

Buds ready to open 

4,440 

2 . a08 

100. 00 

Styles attached 

51.98 
21. 71 
6. 62 

Fruity inch diameter 

Fruit mature ! 

* J 

964 i 
294 


These figures show that there is a large mortality between the young 
buds and the mature fruit, and that the mortality seems to increase 
with the age of the fruit. It should be stated, however, that losses 
were comparatively small after the fruit had reached a diameter of 
I inch. There is no reason, however, to regard the losses of fruit on 
these trees as abnormally high, since the crops produced on these trees 
were above the average for this district. 

The effect of seasonal conditions upon the survival of young fruits 
seemed worthy of study in determining the ratio between buds and 
fruit. Since the time at which the fruit sets is the time at which it 
begins to grow, calculations were begun with the stage designated 
“style attached.” Data were available for 2,453 fttiits of this size 
which had the chance of developing into mature fruit during the time 
observations were made. Records were taken of the numbers of fruits 
reaching this stage in each month and of the numbers which matured 
from each of the several samples of “style attached” fruits. 
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Table IX. — Relation of the survival of fruits to ike months of ike year in which they were set 


January’, . . 
February . . 

March 

April 

May 

June 

July 

August 

September. 
October, . . . 
November, 
December . 

Total 


Month. 


Number 
oi‘ 'style- 
attached” 
fruits 
observed. 

Mature fruits produced. 


Number. 

Per cent 

262 

4 

1-5 


2 

3.8 

1S5 

25 

13- 5 

5 r 

21 j 

41. 2 

501 

106 , 

1 21. 2 

215 

24 

11. 2 

189 

57 

30. 2 

232 i 

19 

8.2 

168 , 

25 

15.0 

106 

2 

1.9 

191 1 

16 

8.4 

240 

2 

.8 

• 2,453 

1 


It is apparent from these figures that there is considerable variability 
in the chances of survival, depending upon the time of year at which 
fruit is set. Fruit set in September or October is liable to be killed by 
cold weather in January, or if set in May or June is liable to be killed 
by hot weather in June. That which was set in the winter months was 
repeatedly chilled by low temperatures at night and its vitality was 
probably lowered. Fruit set in April and July appears to have the best 
chance of survival, though these relations may vary from one year to 
another. 

It will perhaps be more nearly correct to group the records by seasons, 
since conditions are not necessarily confined to months. 

Table X. — Relation of survival to season at which fruit was set 


Season 


Spring : 

March 

April 

May 

Summer: 

June 

July 

August — 
Autumn: 

September. 
October. . 
November . 
Winter; 

December. 
January . . 
Fcbniar)- . 


Number 
of ''style- 
attached” 
fniits 
observed. 

Mature fruits produced. 


Number. 

Per cent. 

1 737 

152 

20. 6 

! 636 

P 

ICO 

15. s 

1 

j 46s 

1 

43 


l| 

8 

1 

1 
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These figures show that, upon the trees observed, a fruit set in one 
of the spring months had the best chance of survival and of reaching 
maturity. The chance of reaching maturity diminished as the seasons 
advanced until the next spring. On the other trees or in other localities 
the chances of survival might be quite different. 

SIBIMARY 

(1) A small group of Lisbon lemon trees was studied for two years 
to obtain data upon their fruiting habits. The trees stood in a large 
commercial orchard and received no special treatment during the time 
observations were being made, 

(2) Approximately 66 per cent of the fruit buds appeared during 
March and April, 13 per cent appeared in November, 17 per cent appeared 
between April and November, and about 3 per cent appeared during 
the winter months. 

(3) The distribution of buds on an inflorescence showed no tendency 
to follow the normal curve of errors. Few-flowered inflorescences pre- 
dominated numerically over many -flowered inflorescences. A bud on a 
small inflorescence had a greater chance of developing into a mature 
fruit than one on a large inflorescence. The competition between indi- 
vidual buds on larger inflorescences seems to be too severe to allow all 
to survive. 

(4) The time required for the fruit to reach maturity varied from 7 
to 14 months, according to conditions. Fruit which was set in May, 
June, and July came soonest to maturity. The season at which fruit 
was set appeared to influence, but not w^holly to determine, the time 
which was required for maturity. 

(5) The records for 4,440 buds showed that 51.98 per cent set fruit, 
21.71 per cent reached a diameter of X inch, and 6.62 per cent reached 
the stage of maturity. 

(6) A fruit set in the spring months had the best chance of survival 
and of reaching maturity. The chances of reaching maturity diminished 
as the season advanced. 




ULTRA-MICROSCOPIC EXAMINATION OF DISPERSE COL> 
LOIDS PRESENT IN BITUMINOUS ROAD MATERIALS 


By E. C. E. IrORD 

Petrographer, Bureau of Public Roads, United States Department of Agriculture 
INTRODUCTION 

On a cursory examination of bituminous solutions by means of the 
ultra-microscope, varying amounts of finely divided solid material held 
permanently in suspension will invariably be found. In certain hard 
native asphalts highly dispersed mineral matter is present in large quan- 
tities, and the high adhesive properties of such asphalts have been at- 
tributed largely to the selective absorption exerted by these colloids on 
certain portions of the bitumen.^ Further investigations have led Rich- 
ardson to conclude that some bitumens were absorbed in larger quantities, 
and consequently had a greater colloid -carrying capacity than others, 
and that this variation was apparently in accordance with their viscosity 
and the general character of the particular bitumen.^ 

As a result of these investigations, it seemed desirable to develop a 
reliable method of ultra -microscopic analysis whereby the number of dis- 
perse colloidal particles could be determined accurately in any type of 
bitumen, thereby furnishing a ready means for companng their colloidal 
capacities and at the same time establishing a possible method for esti- 
mating the relative value of this property from a road-making standpoint. 
The fact, however, should be emphasized that the present investigations 
were undertaken essentially to develop a method for counting colloidal 
particles in bituminous solutions, and that in drawing comparisons of the 
relative supporting values from the results obtained, the original con- 
sistency of the materials employed should receive due consideration. 

methods of ULTRA-MICROSCOPIC EXAMINATION 

When examined under the ordinary microscope, the great bulk of the 
colloidal material common to bituminous solutions is invisible. Early 
investigations by Siedentopf and Zsigmondy ^ have shown that the re- 
solving power of the microscope is very greatly increased when particles 
are viewed in a powerful light against a dark background. This illumi- 
nation was obtained originally by allowing a beam of light to enter the 
cell through a narrow slit at right angles to the axis of the instrumenl, 

I Richardsov, Clifford, the iHEORy of the perfect sheet asphalt surface. In Jour. Indus, aad 
Engia. Chem., v. 7. no. 6 . p. 4 ' 53 - 4 ' 35 * 19^5* 

1 . import.\mce of the rewuon of solid surfaces and liquid films in some tvpes of en- 

gineering CONSTRUCTION. In ScL Amer. Sup., v, S3, no. 1x52 , p, i 9 S-i 99 ' i 9 i 7 . Printed also in sepa- 
rate form. 

» Zsigmondy. Richard. ekkenn'Txis der kolloide. iSfi p. Jena, 1905. 
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where part of the rays were deflected from the surface of the suspended 
particles into the microscope, thus rendering them self-luminous and 
clearly visible while the remainder of the field remained dark. A similar 
effect may be obtained by means of a substage parabaloid condenser, 
with central stop, whereby the outer rays from the beam of light entering 
the microscope from below are brought by a series of reflections to a 
short focus within the cell and are totally reflected from the low’-er surface 
of the cell cover, leaving the field dark as before. Particles whose indices 
of refraction vary from those of the inclosing liquid intercepting these 
oblique rays diffract a portion of the light into the microscope and be- 
come luminously visible as in the former case while the remainder of the 
field is perfectly dark/ 

In order to avoid loss of light through refraction of the rays issuing 
from the condenser, an immersion liquid, such as cedar oil or glycerin, 
should be employed between it and the cell containing the liquid under 
examination. This parabaloid illuminator is interchangeable with the 
substage Abbe condenser of the ordinary microscope and was conse- 
quently found most convenient for the present investigations. The micro- 
scope selected was provided with an accurately calibrated micrometer 
screw for vertical measurements and a mechanical stage for lateral 
orientation. A diamond point object marker with circular movement 
graduated to millimeters and insertible in the revoKflng nosepiece of the 
microscope will also prove a useful accessory, bight was furnished by 
a special arc lamp run on either direct or alternating current and regu- 
lated by a rheostat of 4.5 ampere capacity. Before entering the micro- 
scope the light was passed through a cooling solution, acting as a ray 
filter, of 10 mgra. diamine green dissolved in i liter of distilled water. 
A photograph of the microscope with arc light and ray filter used is 
shown in Plate 19, A, 

The ordinary lens system of the microscope consisted of eyepieces 
X7.5 and X 12.5 and objective 3, 4, and 16 mm,, giving linear magnifica- 
tions of 50 to 740 diameters at a tube length of 160 mm., while the 
best combination for counting was obtained with eyepiece X 7,5 and 
objective 4 mm., magnifying 320 diameters. 

A counting device was inserted in the focal plane of this eyepiece, 
comsisting of a cross-line micrometer scale with ground glass border 
divided into 25 square areas each side of which measured 1.25 ram. 
and corresponded exactly to 0.05 mm. of a stage micrometer at a tube 
length of 166 mm. With this micrometer the areal dimensions of any 
liquid under examination could be accurately determined, while the 
vertical element was obtained by means of the micrometer screw record- 
ing an interval oi 0.00254 tnm,^ 

* Burton-, E. F. Tnt? physical pROPURtres op colloid.^l 5oi,utions. p. 46-4;. Eondon and New 
York. 1916. 

* This luicromcLer was calibrated against that of a standard Fiicss microswpe registering a minitnum 
vertical interval of 0.001 mm. 
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PREPARATION OF THE UTTRA-MICROSCOPE CELL 

In order to carry out a quantitative analysis of bituminous solutions 
it was found necessary to employ a cell of minimum capacity that might 
be readily cleaned and hermetically sealed to prevent the escape of tlie 
volatile solvent. Efforts were made to utilize a container constructed 
on the principle of the Zeiss haemocytometer, as employed by Burton 
and Perrin in their examination of colloidal water solutions (liydrosols),* 
but it was found that all t3^pes of cement used in constructing this cell 
were attacked by the benzol solution and, furthermore, that the rulings 
on the bottom of the cell when filled vith the solution were almost 
invisible under the microscope? 

In order to overcome the above-mentioned difficulties, it was found 
necessary to excavate a suitable cavity in the object glass itself, thercbv 
doing away entirely with the superimposed glass plates of the haeino- 
cytometer slide. The object glass selected was as free as possible from 
air bubbles and other inclusions and had perfectly smooth plane sur- 
faces and a thickness varying from 1.25 mm. to 1.75 mm. to assure 
a proper focus within the cell of rays from the dark field illuminator, 
he excavation was carried out by means of a stationary upright drill 
provided with a pointed vulcanized fiber cylinder having a ilat grinding 
surface about 2 mm. in diameter. The drill was run by an electric 
motor at 1,800 revolutions per minute, using coarse emery mixed with 
a little heavy lubricating oil as an ab^asi^^e. In operating the drill 
great care was taken to apply a moderate uniform pressure, and the 
glass plate was protected from sudden strain by a folded towel or 
felt cushion placed beneath it. After grinding for one or two minutes 
the drill was removed and the cavity examined. In general, the central 
portion was found to be essentially flat and surrounded by deeper cir- 
cular grooves, produced by the larger fragments of emery becoming 
lodged in the drill during the process of grinding. 

From this stage in the operation the grinding was carried on by 
means of an electrically driven, flexible shaft drill constructed on the 
principle of the dental drill and using volcanic ash or ground pumice 
with water as an abrasive. This drill, operating at a speed of 1,540 
revolutions per minute, was provided with a grinding point of vulcanized 
rubber or belata gum which also proved very effective in polishing the 
cell. The polishing was begun with diatomaceous earth and water and 

1 Burton, F. op. cit.. p. 

Perrln, J€an. MOUVEMEnT BROWNISN ET realitE slOi,ECUt.\lRE. In Chim. et Phys., .s. t. 
18, p. 40-43- 1909- 

2 Tlie indices of refraction for ordinary light flint glass and benzol at 21,5“ C, are 1,5710 (D) and 1.5504 
(H), respectively, smithsonian eHYSiCAi, iables, ed.6, p. 184, 193- Washington, D.C., 1914. (Sniithsa. 
Misc. Collect,, v. 63, no. 6.) Hence light passing through glass and meeting etched lines on a cell bottom 
mounted in benzol arc hut slightly diffracted and consequently appear indistinct under ultra-microscopic 
illumination while plainly visible when viewed in water or air. 
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was continiied with a mixture of freshly precipitated calcium carbonate 
and magnesia hydrate until a microscopically smooth and essentially 
flat surface was obtained. Finally, in the center of the cell a circle i 
mm. in diameter was inscribed with the diamond-point marker of the 
microscope in order to limit the field of observation. A diagram of the 
slide, cell (A) containing circular area (B) drawn to natural 

scale, is shown in figure i, where the depth is indicated as lying between 
0.044 0.143 l^hese values were determined as accurately as 


— — . 


B A 

T 

1 

55 

1 



. .■^tMeicrce/i ooeero o/e3mm. i 

c.:. ■ ■■ ■ ■ ■ . 

— ? 17 ^. 


A /$ cc/f dimm irj eftometsT 

S/$ Gifcujar field ! ir>tn m diameter in center of cell floor. 

Fig, 1. — Glass slide with ultra-microscope cell drawn to natural scale. 

possible for each cell by means of a strain dial recording intervals of 
0.0001 inch and were checked with the microscope micrometer under a 
magnification of 740 diameters. A blunted, highly polished needle point 
inserted in the vertical arm of the dial enabled readings to be taken at 
different points within the cell, and the average of these readings was 
compared with that of an equal number taken around the cell from 
without. The results of these measurements for a number of cells con- 
structed in the manner outlined above, together with microscopic check 
determinations, inclosed in parentheses, are given in the following table; 


Table I . — Depth of ultra-microscope cells determined by strain dial 


Slide number. 

Depth in 

Thickness 
of slide i;i 
mm. 

Maximum 
variation 
in depth 
in mm. 

Maximum 
variation 
in thickness 
in mm. 

Percentage 
of variation 
in depth. 

Percentage 
of variation 
in thickness 
of slide. 

I 

0. 1209 
“ (, 1220) 

I- 5316 

0. 0058 

0. 0061 

4-83 

0. 40 

2 

- 1321 

I- 53S2 

. 0160 

. 0101 

12. 10 

. 66 

3 

0 0 

7 o 74 

. 0036 

. 0096 

8.30 

1 

* 55 

4 , 

• 1432 
(• 1450) 

1 I- 6103 

■ 0094 : 

' , 0046 

6. 50 

1 .28 

1 


■ 079s 
(■ 0790) 

. 0892 
(. 0S90) 

[ T. 4880 

, 007 1 1 

■CJOSS ■ 

i 

9. 20 

•36 

6 

1 1. 6812 

: , 0043 

j . 0061 

4. 82 ' 

.36 

Average 

. 1014 

I- 597 ^ 

, 0077 

. 0070 

! 7-53 

•43 


a Uetemiiiied by uiiLTusiCope inicrumctcr. 
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In comparing these values it will be noted that the average depth 
of all cells is but slightly in excess of o.io mm., while the maximum 
variation in depth and in the thickness of slide is approximately the 
same (0.007 nim.), indicating a cell floor closely approaching a true 
plane. 

Dial measurements also were undertaken to determine the depth of 
cell, including cover glass after mounting in the asphaltic oil solution 
employed in counting (see below) and in air to form an estimate of the 
relative thickness of the liquid film between cover glass and slide beyond 
the cell area. In every case lesser values were obtained for cells mounted 
in this solution than in air, indicating a more perfect contact through 
the release of atmospheric pressure and the adhesive character of the 
bitumen. 

PREPARATION OF SOLUTIONS 

Before describing the method of counting colloidal particles employed 
in this investigation, it will be found desirable to outline briefly the 
general character of bituminous solutions containing colloidal matter 
and the manner in which these solutions have been prepared for micro- 
scopic analysis. 

When viewed under the ultra-microscope the colloidal portion of the 
solution will appear as a mass of very flnely divided and more or less 
widely dispersed particles undergoing a constant and, under certain 
conditions, perpetual movement (Brownian movement). This move- 
ment has been ascribed to the molecular energy of the suspending liquid 
and may be regarded as a function of the size of the particles and their 
degree of dispersion which, in turn, is limited by the viscosity of the 
solution.* In order, therefore, to count successfully these suspended 
particles it was found necessary either to retard their movement by 
suitable concentration of solution or to increase it by dilution to such a 
degree that they settled out within the cell inclosure. ^ In the latter 
case, however, it frequently happened that the particles were in part 
resorbed on exposure to light, thus destroying the accuracy of the count. 
To assure concordant results, therefore, the particles were always counted 
in a somewhat viscous solution of colloid-free asphaltic oil to which a 
definite amount of paraffin had been added. This solution was pre- 
pared by fluxing 2.5 gm. Mexican oil asphalt (penetration 148) with 
0.5 gm. crystalline paraffin and diluting to 100 cc. with benzol contain- 
ing 10 per cent alcohol. This was then evaporated to constant weight 
on the water bath, brought to original consistency with benzol and 
passed through an alundum tube or filter tube clogged with macerated 
filter paper until approximately all suspended matter had been removed. 

1 OsTWAr,D, Wolfgang, die welt der vEENACHL.^ssioriix DiMExsiON'EN. p. 34-35- Dresden and 
Leipzig, 1913. 

* The solvent -used in these iuvebtigations was c. p. benzol, since carbon bisulphid was found to contain 
an appreciable quantity of colloidal sulphur. 
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When properly prepared, the diluting solution should contain not 
more than 10 particles to a X square field in cell No. 3, at a inag- 
nification of 320 diameters. A definite portion of the solution to be 
examined was introduced into this standard dilutant after the coarser 
mineral matter had been removed. That was accomplished by dis- 
solving I gm. of^ the original sample in 50 cc. benzol in a stoppered cen- 
trifuge lube, allowing the solution to stand overnight (17 hours) and 
centrifuging for i hour at a speed of 800 revolutions per minute. A 
small portion of this solution was then drawn off from the tube at a 
depth of 10 mm., and i cmm. transferred to a glass-stoppered graduate 
and brought up to 10 cc. with the paraffin oil dilutant. By this means 
a dilution of i to 5,000 of the colloids present in the original sample was 
obtained. This was found to be sufficient in most cases, but in certain 
bitumens where the dispersed mineral matter was in a state of extreme 
subdivision a further dilution of i to' 50,000 was necessary before the 
colloid particles could be convenient!}' counted. 

METHOD OF COUNTING COLLOIDAL PARTICLES 

The samples of bitumens selected for examination were obtained from 
the commoner types of road material, ranging from hard native asphalt 
to lighter oils and containing varying amounts of colloidal matter. 
After having been subjected to the preliminary treatment mentioned 
above, one or two drops of the properly diluted solution were rapidly 
transferred from the lo-cc. graduate to the cell by means of a i-cc. 
pipette and covered immediately by a 18-mm. cover glass, using a 
bluntly pointed wooden rod to expel all excess liquid and assure a 
perfect contact between slide and cover glass. After the excess solution 
had hardened sufficiently by evaporation and the slide beyond the cell 
limit appeared perfectly clear and colorless, the cover glass was sealed 
with a 30 per cent solution of boiled Canada balsam in ether applied 
with a hair-line paintbrush (No. o). A photomicrograph of a part of 
the mounted cell with cross-line micrometer scale magnified 320 diame- 
ters is shown in Plate 19, B. 

In order to obtain consistent results, the cell and cover glass should 
be microscopically clean before mounting and the dilutant examined 
from time to time to allow for corrections in the final results.^ When 
properly mounted the cell should be free from air bubbles and the 
colloidal particles should appear under the microscope evenly dis- 
tributed and in constant, though restricted, motion. In correct focus 
these particles were clearly defined as brilliant points of light against 
a dark background, but a change of focus resulted in the development 


* The cleauiag was accomplished by first boiling slide and cover glass ia concentrated sulphuric acid, 
then rinsing in water, alcohol, and benzol, drying with soft cotton or silk cloth, and rubbing with optical 
tissue paper until thoroughly clean. 
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of concentric halos or diffraction, rims around each particle that de* 
tracted greatly from the definition of the images. In order to overcome 
this so far as possible, it was found necessary to employ cells below 
0.10 mm. in depth, having a capacity less than o.io cmm. (Table I, 
No. 3, 5, and 6). Counts were made of all particles in suspension as 
well as those that might have settled out on the cell floor or become 
attached to the cover glass during the process of counting. The area 
examined was taken from within the central millimeter circle of the 
cell and represented exactly one-fourth of i square millimeter (equiva- 
lent to four fields of the cross-line eyepiece micrometer at a magnifi- 
cation of 320 diameters), while the volume of liquid was obtained from 
this area and the depth of cell employed (0.043-0.089 mm.). The 
number of particles counted in each of the 25 square subdi\nsions of 
the micrometer through the entire depth of liquid was recorded, and 
from the average of four such determinations the value for i cmm. of 
solution and i gra. of bitumen was computed. 

The results of the analyses were recorded on a special form which, 
in addition to the data indicated above, contained information regarding 
the physical properties of the bitumen, together with the relative size 
and distribution of the colloidal particles. In general, it may be stated 
that these particles varied in size from submicrons having a minimum 
diameter of about 15 fxij, (0.000015 to particles within the visibility 
of the ordinary microscope (above 0.25 ^ = 0.00025 mm.).^ These 
dimensions may be determined by direct microscopic measurement or 
they may be calculated by dividing the total volume of particles con- 
tained in a definite quantity of solution bv the number of particles 
found where the volume represents the weight of the particles divided 
by their specific gravity. The quotient thus obtained will equal the 
volume of one particle (x). Assuming the particles to be spheres of 
diameter a, 

Then - t: rri = x 
3 



3 

RESULTS OF THE ULTIUV.MICROSCOFIC EXAMINATION OF 
BITUMINOUS SOLUTIONS 

In order to standardize the method of ultra-microscopic analysis 
outlined above, a number of determinations were made of various 
colloidal materials contained in different types of bitumens. The 
results of these determinations are shown in Table II. 


- Zi>iGMOXDV, Richard, op cjt.. p. -%b-9:. 
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It will be noted that duplicate check counts were made generally in 
cells of varying capacity, giving the maximum numerical and percentage 
variation and indicating as well the supporting value or colloidal capac- 
ity of each type of bitumen, based on that of refined Trinidad asphalt 
considered as 100. All results were computed on a basis of i to 5,000 
dilution of the original colloidal portion of the sample. (Seep. 175.) 
These bitmucns have been separated into groups containing clay as col- 
loidal material (No. 1-19) and into others in which this mineral matter 
was replaced by carbonates, sulphates and acetates of copper, iron, 
zinc, and lead (No. 20-47). The samples included in the first class, 
except untreated refined Trinidad asphalt (No. 1-5), were prepared by 
incorporating 33 per cent sandy clay in each type of bitumen by Richard- 
son’s method of heating an aqueous emulsion of clay and bitumen until 
all moisture and gas had been expelled.' In the case of refined Trinidad 
asphalt and clay (No. 6-10) all insoluble mineral and organic matter 
originally present in the bitumen was removed before emulsifying by 
dissolving in benzol and adding about 2 per cent shellac dissolved in 
alcohol and evaporating to constant weight, redissolving in benzol and 
filtering through an alundum tube until the solution was essentially 
void of colloidal particles. 

In the second group of bi lumens (No. 20 47) the salts were intro- 
duced in an anhydrous condition and the mixtures were heated to about 
170° C. under constant stirring until all evolution of gas had ceased. 
On examining solutions of this kind under the ultra-microscope it was 
found that the copper carbonate salts had been largely reduced to red 
cuprous oxid, accompanied by an enormous colloidal dispersion (No. 
20-30), while with the remaining salts the reduction had been much 
less complete (No. 31-39) or entirely lacking (No. 40-47), and the de- 
velopment of colloids correspondingly less. It may be stated, there- 
fore, that the colloidal capacity'^ of the second group of materials taken 
as a whole was dependent largely upon the degree of chemical reaction 
between the bitumen and the salts employed, while in the first group 
this supporting value was related more directly to the physical char- 
acter of the bitumen. 

A comparison of the duplicate counts recorded in columns 3 and 4 of 
the table indicated that a maximum variation of less than 10 per cent 
was attained in samples of the first group (No. 1-19), while in the second 
group (No. 20-47) the results were, on the whole, less concordant, owing 
largely to the greater dispersion of colloidal matter. 

In conclusion, it may be stated that the accuracy of this method for 
counting colloidal particles in bituminous solutions depends chiefly 
upon accuracy in construction and calibration of tlie cell employed, as 
well as upon the proper consistency and optical purity of the support- 
ing liquid. 


= RiCH.iRDso.v, Clifford. 1917, of. riT. 




PLATE 19 

A. — Microscope with ray filter and arc lamp for dark field illumination. 

B, — Photomicrograph of cross-linc micrometer scale, showing colloids in dark field. 
X320. Taken by E. A. Shuster, jr., Photographic Laboratory, United States Geo- 
logical Survey. 
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DERRIS AS AN INSECTICIDE 


By N. B. McIndoo, Insect Physiologist, Deciduous Fruit Insect Investigations, Bureau 
of Entomology t A. F. SiEVERS, Chemical Biologist, Drug~Plant and Poisonous- 
Plant Investigations, Bureau of Plant Industry, and W. S. Ahbott,‘ Scientific 
Assistant, Bureau of Entomology, United States Department of Agriculture 

INTRODUCTION 


The investigation of the possibilities of Derris as an insecticide is a con- 
tinuation of the cooperative work inaugurated by the Bureaus of Ento- 
mology and Plant Industry, and the most important results pertaining to 
the study of Derris are discussed in this paper. There are now on the 
market several standard insecticides : Arsenicals, used as stomach poisons; 
nicotine solution, used as a contact insecticide; pyrethrum powder, em- 
ployed as a dusting powder; and soaps, lime sulphur, oil sprays, etc. Not 
one of these acts both as a stomach poison and a contact insecticide. The 
following pages will show how well Derris acts in both of these ways. 

In a search through the vegetable kingdom for plants possessing toxic 
principles with a view toward utilizing them as insecticide material, 
attention was directed to the large class of plants which are used exten- 
sively in the tropics as fish poisons. There are many hundreds of these 
plants, included in several families, and their habitat extends over prac- 
tically the entire Tropics. That many of them belonging to particular 
families and genera display a remarkably toxicity to fish has long been 
known, and probably for ages the natives of the Tropics have used some 
of these plants as a means of catching fish. 

While a plant toxic to fish need not necessarily be poisonous to in- 
sects, nevertheless, some of the fish poisons have already been recom- 
mended and used in the Orient as insecticides. If the fish poisons prove 
to be efficient insecticides, their practical utilization is at once suggested, 
because many of them are known to be very abundant in the Tropics. 
The present investigation deals with six or seven species, all belonging 
to the same genus, which is widely known as Derris.^ Of these species 
only Derris elliptica Benth. seems to have been used widely as a means 
for catching fish ; it is regarded as a powerful fish poison. 

^ A portion of theexperiroental part of this investigation was performed at the Insecticide Board's testing 
laboratory, located at Vienna. Va.. by W. S. Abbott and E. W. Scott. Entomologist, Enforcement Insec- 
ticide Act, under the direction of the latter. 

2 Although this genus has commonly been known as Derris, the rules of botanical priority require the 
use of the name Deguelia of Aublet. Of the sue species mentioned, the following have received names 
under Deguelia: Deffudia elliptica (WaU, ) Taub. [Derris elliptica (Wall.) Benth ] ; DeaueUa robusta (Roxb.) 
Taub. [Derris robusta (Roxb.) Bmth.],l^egtidiatimcrrensis (DC.) Taub, [Derris scandens (Roxb.) Benth.] 
Deguelia uliginosa (DC.) Bsx\\\,\[Derri. ulmnosa (DC.) Benth.]. S. F, BlakiS^ 
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The material available for the present study was secured in most cases 
from various agricultural and botanical agencies through the Office of 
Foreign Seed and Plant Introduction, United States Department of Agri- 
culture. The following is a list of the material used and the sources from 
which and through which it was secured: Powdered roots of a Derris 
species, most likely Derris elliptic a Benth., from the open market where 
it is sold as an insecticide; roots of D. elliptica, called “tuba" or 
“toeba" in the Dutch East Indies, from the ’s Lands Plantentuin, 
Buitenzorg, Java; stems of D, uliginosa Benth., from Mr. C. H. 
Knowles, Suava, Fiji Islands; stems of D. koolgibberah^ Baill., and of 
D. oligosperyna,^ from the director of the Botanical Gardens at Brisbane, 
Queensland, Australia; roots of D, scandens Benth.; and stems and 
roots of D. robusia Benth., from the director of the Botanical Survey 
of Sibpur, Calcutta, India. 

HISTORICAL REVIEW 

The genus Derris, belonging to the family Papilionaceae, tribe Dal- 
bergieae and subtribe Lonchoecarpinae, is practically native throughout 
the Tropics, but is far more abundant in the Old World than in tropical 
America. Its members are climbing shrubs, having trunks 3 or 4 feet 
in height and about 4 inches in diameter; the trunks setid out numer- 
ous long branches, which climb over the neighboring vegetation, and 
the tips of which hang freely downward. 

Watt (to, p. Sof describes Derris as a genus of arborescent climbers or 
trees, and states that the roots of Derris elliptica furnish, a useful insec- 
ticide for gardening purposes. A number of other species are mentioned 
in the literature as being used for fish poisons, and in some cases reference 
is made also to their use as insecticides; but these cited cases seem 
to be no better -than mere reports. Correspondents in the Philippine 
Islands and Java report that D. elliptica is probably the species most 
commonly used as a fish poison. In all cases, so far as known, only 
the roots are employed. It seems that the most widespread treatment 
is one in which the roots are buried in mud, brackish mud preferred, 
for a period of several weeks; then the roots are crushed and placed in 
water inhabited by fish. The roots of Derris, in all probability D. cllip- 
iica, are used as insecticides in the Dutch East Indies; and a correspond- 
ent reports that Derris is commonly used by the Chinese gardeners in the 
Malay Peninsula as an insecticide and that the parts of the plant used 
arc sold by Chinese storekeepers. However, it is said that the poison 
loses its activity when the plant is dried. 

Hooker (5, p, 4J) reports on a specimen of Derris elliptica, obtained 
from Singapore where it is known as “tubah" and w'here it is used as 
an insecticide; the roots are steeped in water and the resulting decoction 
is said to be an efficient insecticide for garden purposes. 


’ No record o! the publication of these specific names could be found. 
* Reference is made by number (italic) to ''Literature cited," p, joo. 
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Probably the first investigator to report on a chemical examination 
of Derris elliptica was Greshoff (j) in 1890. He found the most im- 
portant constituent of the bark on the root to be a nitrogen-free, non- 
glucocidal resin which he called ‘‘derrid.” He describes this resin, 
which he did not succeed in obtaining in crystalline form, as readily 
soluble in alcohol, ether, chloroform, and amyl alcohol, but soluble 
with difficulty in water and potassium hydroxid. The yield obtained 
from the whole root was 2.5 to 3 per cent. The resin was found to be 
extremely toxic to fish. 

Dymock, Warden, and Hooper {2, p. 4^/1) record that in India Derris 
uliginosa is used as an insecticide against larvae of insects. 

In 1892 Wray (ii) worked on Derris elliptica and appears to have 
been unaware of Greshoff ’s paper, because for the resinous principle 
which he isolated from the root in an impure state and which he used 
in his experiments on fish he proposed the name '‘tubain.” This sub- 
stance is without question the same as Greshoff ’s “derrid,” judging 
from its physical properties. The crushed roots when boiled in a retort 
with water yielded an opalescent distillate, the odors of which strongly 
resembled those from the roots. This distillate was found poisonous 
to fish. 

In 1899 van Sillevoldt (p), working on Derris elliptica , reported on 
the extraction of Greshoff's “derrid.” He used practically the same 
method of extraction as did Greshoff and describes the “ derrid” obtained 
as a yellow, amorphous powder. In the impure “derrid” he found a 
crystallizable substance which was very insoluble in ether, by which 
means it could be separated from the soluble portion of the “derrid.'* 
He found the melting point of “derrid” to be near 73° C. and he de- 
scribes it as being readily soluble in alcohol, ether, benzol, aceton, glacial 
acetic acid, acetic ether, carbon disulphid, and chloroform, and very 
insoluble in petroleum, ether, and water. Van Sillevoldt assigned the 
formula CggHgoO^o to “derrid.” 

Ini 902 Power (<?) investigated the stems of Derris uliginosa. His results 
led to the conclusion that the poisonous constituent of the plant is a 
resin, thus concurring in the views of Greshoff and van Sillevoldt. He 
noted further that this resin consists of two components, one being 
soluble in chloroform and highly toxic to fish, and the other insoluble 
in chloroform and inactive to fish. 

In 1911 van Hasselt (4) investigated the physiological action of 
“derrid’' on fish, frogs, mice, rabbits, and cats, and studied its effects 
on the blood, respiration, circulation, intestinal tract, and ner\'ous 
system. From his experiments he concluded that “derrid” is a powerful 
poison, causing characteristic symptoms in all the animals treated, and 
that it kills by causing respiratory paralysis. 

In 1916 Campbell (z) investigated the poisonous actions of Derris 
elliptica, and his work seems to be the most recent along this line. He 
tested the water and saline extracts of the roots on fish, mosquito larvae, 
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tadpoles, toads, and monkeys. The following are the salient conclu- 
sions of his investigation: (i) Boiling does not destroy the toxic action 
of the sap ; (2) roots kept three months in a cupboard retain their strength ; 

(3) milky extract introduced into a fish’s stomach is rapidly fatal; 

(4) tadpoles are fatally affected, but stronger extracts are required to 
kill them than to kill fish ; (5) much stronger doses are required to kill 
mosquito larvae than to kill either fish or tadpoles; (6) the extract from 
1/50 gm.of the roots when injected subcutaneously is fatal to toads, and 
the extract from 1/12 gm. causes death when introduced into the stomach; 
and (7) when the extract from 2 gni. of the roots is injected subcuta- 
neously or introduced into a monkey’s stomach death results. Campbell 
further states (/>. 134-1 33 ) : 

From tlie results on different animals it h evident that the poison affects the more 
highly developed members of the animal kingdom more readily than it does the 
primitive members. This is only to be expected since its action concerns the 
brain and one particular part of this, namely, the medulla oblongata. 

It could be used to destroy mosquito larvoe, but it should be used in solutions not 
weaker than i in 1,000, that is just enough of the extract should be added to the pool 
to make the water cloudy. 

METHODS OF PREPARING AND TESTING EXTRACTS FROM DERRIS 
MATERIALS 

The many preliminary experiments performed indicate that Derris 
(probably D. ellipiica) is promising as a contact insecticide and as a 
stomach poison but is of no practical use as a fumigant. The best 
methods of applying it — whether in the form of powder, suspended in 
water or in the form of extract mixed with water or with soap solu- 
tion — now remain to be determined. 

A vegetable insecticide is usually applied either in the form of fine 
powder or as a spray mixture. This mixture may consist of any one 
of the following four combinations: (i) Fowder suspended in water; (2) 
aqueous extract of the material diluted with water; (3) a solution con- 
sisting of water and a small amount of a concentrated form of the active 
constituent; and (4) a small quantity of a concentrated form of the 
active principle suspended in water. 

Since Derris material must be imported, only dried roots and stems 
may be secured for insecticidal purposes. As already stated under the 
historical review, the natives pound the roots of Derris into a pulp 
which they then throw into the water inhabited by fish. This allows the 
juices of the plant to mix freely with the water and is the simplest way 
of obtaining a water extract, but will water remove the toxic principle 
after the roots have become dry? The chief object of the investigation 
discussed under the preceding heading was to make a study of the 
different methods of extracting Derris and to determine the value of 
various solvents in order that a simple and economical method might 
be devised for obtaining the active principle and applying the extracts. 
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QUANTITATIVE EXTRACTIONS OR DERRIS AND PRELIMINARY TESTS OR 
EXTRACTS OBTAINED 

Five series of quantitative extractions were made as follows: In each 
series 20 gm. of fine powder of Derris sp. (probably D. ellipiica) were 
exhausted successively with the following five solvents in the order 
named: First series, petroleum ether, ether, chlorofonii, alcohol, and 
water; second series, ether, chloroform, alcohol, water, and petroleum 
ether; third series, chloroform, alcohol, water, petroleum ether, and ether; 
fourth series, alcohol, water, petroleum ether, ether, and chloroform; and 
fifth series, water, petroleum ether, ether, chloroform, and alcohol. No 
heat was used in any of these extractions. Table I gives the percent- 
ages of extracts thus obtained. The sequence is shown by the letters 
a . . . a, b . . . b, c . . . c, etc., beginning with the first extraction 
in each case. 


Tabi,E I. — Successive quantitative extractions of Derris sp. uith various solvents , start- 
ing with a different solvent for each series 


No. of extraction. 

1 Solvents used. 

Petroleum 

ether. 

Ether. 

Chloroform. 

Alcohol, 

Water. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

First 

4. 07 a 

7. QO b 

10. 60 c 

ii.25d 

9 - 75 e 

Second 

4 - 55 e 

4. 90 a 

• 75 l> 

3. 60 c 

8. 45 d 

Third 

■ 55 d 

2. 00 c 

. 20 a 

3- 30 b 

5. 00 c 

Fourth 

• 50 c 

• 49 d 

. 50 e 

2. 59 a 

5 - 05 h 

Fifth 

. 10 b 

, 20 c 

. 20 d ' 

1. 10 e 

10. 80 a 


. Attention is called to the following points in the preceding table. 
From the first extractions it will be seen that petroleum ether is a poor 
solvent, while the other four may be called good ones; of these four, only 
alcohol and water can be regarded as economic solvents. Other points in 
this table will be referred to later. vSince the amount of an extract need 
not necessarily correspond to its toxicity, the following preliminary tests 
were performed. 

Experience has taught that the honeybee {Apis mellifica E.) is ex- 
tremely sensitive to stomach poisons; therefore this insect Was fed small 
quantities of the foregoing extiacts in order to determine the degree of 
toxicity of each one. It was furthermore considered desirable to know 
the effect of heat on the extracts. Consequently five of these extracts 
were obtained without the application of heat and the other five with 
the use of it. The following method of procedure was employed : Since 
all of these extracts, except those obtained with water, have a consist- 
ency similar to that of thick paste and are not soluble in water, it was 
necessary to dissolve a small quantity of each in alcohol; therefore 0.4 
gm. of the petroleum-ether extract was dissolved in 10 cc, of 95 per 
cent alcohol. The same method was employed for each one of the 
other nine extracts, including the water extract, so that the effect of 
the alcohol would be the same in all the tests; and then pi cc. of one 
of these solutions was mixed thoroughly with 5 cc. of honey in a small 
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feeder, which was so covered with wire that the bees could not waste 
any of the food. After the lo feeders, containing supposedly poisoned 
food, had been placed in as many wire-screen cases, 50 normal bees 
were introduced into each case; the bees were thereafter observed care- 
fully and the dead ones were counted at regular periods. As a control, 
honey containing the same amount of alcohol as mixed with the other 
food was used; and whenever the bees required more food, pure honey 
was given to them. These experiments were repeated and were so 
arranged that the probable errors were minimized. Reference to Table 
II (extracts No. 246-254) shows that all of these extracts, except the 
water extract, are almost equally toxic to the honeybee within 48 
hours and that there is practically no difference in toxicity between the 
extracts obtained with the use of heat and without it. The water 
extract apparently had no effect on the bees tested. Similar results 
were obtained by using the same extracts against aphids, fall webworms 
(Hyphantria cunea Dru,), and tussock-moth caterpillars (Hemerocampa 
le/ucostigma S. and A.) (see No. 246-249, 252-253, Table IV, and No, 
253, Table V). The water extract from the powder of Derris sp. (filtered 
mixtures) killed only a small percentage of the aphids sprayed (see 
lower half of Table IV), while the nonfiltered spray mixtures, consisting 
of powder and soap solution, were efficient against aphids. 

To determine whether the solvents had removed all of the toxic 
principle from the powders extracted, these five powders (No. 240-244 
in Table II) after having been thoroughly dried were fed to other honey- 
bees in the same manner as already described. In these tests pi gm. 
of powder was thoroughly mixed with 5 cc. of honey. Reference to 
Table II shows that the powders exhausted with ether, chloroform, 
and alcohol had very little effect on the bees tested, while the powder 
exhausted with water killed 94 per cent of the bees within 48 hours. 
The results pertaining to the powder exhausted with petroleum ether are 
not reliable (see note at bottom of Table II). 

To ascertain the effect of powder exhausted successively with i to 4 
of the solvents and also the effects of the resulting extracts, other experi- 
ments were performed. Reference to Table II (No. 260, 261, 264, and 
266) shows that powder successively extracted is only slightly less 
effective than powder extracted once, and that the third and fourth 
successive extracts (No. 263 and 265) have no effect at all. These 
results agree in only certain respects with the successive quantitative 
extractions, expressed in Table I. 

To determine whether any poisonous volatile substance can be 
removed from Derris by steam distillation, 50 gm. of the powder were 
so treated and the distillate was collected. Later some of this distillate 
and a portion of the distilled powder, after it had been dried, were tested 
on silkworms. The distillate had no effect whatever, but the powder 
was as poisonous as ever. 
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lo facilitate ^ the handling of a product which might be used as a 
proprietary insecticide, an alcoholic extract was incorporated into a 
soft linseed-oil soap at the rate of i gm. of extract to 4 gm of soap. 
This product was later dissolved in water in the proportion of i to 2,400, 
which would be equivalent to about i pound of powder to 200 gallons of 
soap solution. All of the small fall wcbworms sprayed with this solution 
died, but none of the controls sprayed with soap solution of the same 
strength died. 

Tabi,E II, — Effects on the honeybee of eating extracts and po'ieders of Derris sp. {probably 

D. elliplica) 


246 

247 

248 

249 

250 
25T 

252 

253 

254 


240 

241 

242 

243 

244 

245 

258 

260 

261 
264 
266 


259 

262 

263 
265 


Percentage of bees dead ■within— 


7 day.s. 



Petroleum-ether extract (no heat -used ) . 
Petroleum-ether extract (heat used). . 

Ether extract (no heat used) 

Ether extract (heat used) 

Chloroform extract (-no heat used) 

Chloroform extract (heat used) 

Alcoholic extract (no heat used) 

Alcoholic extract (heat used) 

Water extract (heat used) 

Control, alcohol in honey 

Control, honey alone 

Powder exhausted with petroleum ether 

Powder exhausted with ether 

Powder exhausted with chloroform 

Powder exhausted "with alcohol 

Powder exhausted with water 

Powder not exhausted with any solvent . . 

Control, wheat flour in honey 

Powder exhausted "w ith petroleum ether 
Powder exhausted with above solvent 

and ether 

Powder exhausted with above solvents 

and chloroform 

Powder exhausted with above solvents 

and alcohol 

Powder exhausted with above solvents 

and water 

Control, wheat flour in honey 

Control, honey alone 

Petroleum-ether extract from original 

powder 

Ether extract from above powder (2d 

extraction) 

Alcoholic extract from above powder 

(3d extraction) 

Water extract from above powder (4th 

extraction) 

Control, alcohol in honey 


150 

I. so 
150 


150 

ISO 


100 

100 


After eat- 
ing ex- 
tracts and 
controls. | 


After eating powders 
from ■sv^hich one or 
more extracts had 
been removed , and 
controls. 


100 

100 


67 ' 


a loo 
4 
2 
6 

94 

98 


398 I 


18 

16 

15 


a This powder emitted an odor resembling that from petroleum ether; the bees ate very little of the honey 
containing it, and therefore most of them probably died for lack of suitable food. 
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Tables I and II show that 95 per cent ethyl alcohol is the only good 
economic solvent used and that heat has no effect on the extract obtained. 
It was decided, therefore, to make quantitative extractions of several 
Species of Derris by using hot denatured alcohol, since this solvent is 
comparatively cheap. 


Tabi.E llX,-~^uantiiative extractions of various species of Derm made with hot denatured 

alcohol 


Name of specie*?. 

Part of plant used. 

Percentage 
of extract 
obtained. 

Derris sp. (probably D. elliptica) 

Roots 

Roots 

14.25 
8. 50 
8. 50 
ro. 30 
20. 30 
22. 50 
16. 70 

15- 70 

1 

D. uliginosa 

Stems 

D. koolgihberah 

Stems 

D. scandens 

! Roots 

D. oligospenna. 

Stems 

D, robusfa 

i Roots 

D, robtisia 

Stems 




The foregoing table shows that denatured alcohol is a good solvent and 
that the percentages of extract obtained vary considerably ; this variation 
is certainly due in part to the fact that the eight powders used varied con- 
siderably in fineness. Results showing the effectiveness of these extracts 
are discussed on page 188 and in Table V. 

EXTRACTION OF TOXIC PRINCIPLE FROM DERRIS SP- BY TWO METHODS 

As already stated, Greshoff (5), van Sillevoldt (9), and Powers { 8 ) have 
agreed that the toxic principle in Derris elliptica and. D uliginosa is a resin 
and have called the active portion of it derrid.” In the present investi- 
gation it was considered expedient to isolate a small quantity of the resin 
and to test it on insects and on a few higher animals. 

VAN SILLEVOLDT ’S METHOD 

One kilo of the powdered root of Derris sp. was repeatedly extracted 
with boiling water until the extract was only slightly colored. After the 
powder had been filtered and thoroughly dried it was boiled under a reflux 
condenser with successive portions of 95 per cent alcohol until exhausted. 
The combined alcoholic extracts were mixed with one-fourth their volume, 
of water, and the alcohol was distilled under reduced pressure. As the 
alcohol was removed, the material in the flask became milky in appearance 
and the resinous substance collected in a mass on the bottom of the flask 
The last portion of the water was removed by transferring the material to 
an open dish on a steam bath. The residue was a resinous, sticky mass 
which weighed no gm., representing 1 1 per cent of the dry root. It was 
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dissolved in boiling alcohol, and then the solution was heated with animal 
charcoal and filtered. Upon evaporation, the resin closely resembled the 
appearance it had before being treated with the charcoal and seemed to 
consist of two forms, the greater portion being of a soft and pliable nature, 
while the other portion was hard and brittle. The latter had a melting 
point of 66°-68° C. Van Sillevoldt reports the melting point of “ denid ” 
as being about 73° C. 

Two gm. of the soft portion were dissolved in 50 cc. of 95 per cent alcohol 
by means of a low heat ; upon standing, a fine, yellowish-white powder 
settled to the bottom of the flask; then this powder was separated by 
means of a force filter, and after being washed with a small quantity of 
alcohol and ether it was dried. This material appeared like an amorphous 
powder, but under the microscope it was found to consist of small plate- 
like crystals. The melting point of these crystals was 170*^ C. 

A dilute alcoholic solution of the above crystals, as well as the alcoholic 
solution of the resin from which the crystals had been separated, was 
found to be very toxic to fish. A subcutaneous injection of 0.00066 gm. 
of the crystals was fatal to a mouse in two hours. 

The preceding method of extracting the resin is not very practicable 
on a large scale. vSeveral of the operations involved could possibly be 
dispensed with. 

POWt^R S MEJTIIOD 

One kilo of the powdered root of Derris sp. was repeatedly extracted 
with boiling alcohol until exhausted. Upon removal of the alcohol by 
distillation under reduced pressure, 173 gm. of a dark extract of a pillular 
consistency were obtained; this amount is equivalent to 17*3 cent of 
the dry root. Then the extract was repeatedly extracted under a reflux 
condenser with hot petroleum ether until the latter was no longer 
colored. Urom the combined extracts the petroleum ether was removed 
and a waxy, yellow residue weighing 16 gm. remained. This residue was 
designated A . 

The alcoholic extract after having been exhausted with petroleum ether 
was heated on a steam bath with 95 per cent alcohol until it was brought 
into solution, whereupon it was poured slowly into a large quantity of cold 
water; a fine suspended precipitate resulted. The precipitated resin 
was filtered by means of a force filter, then washed with water, dried by 
means of an electric fan, and finally pulverized to a No. 20 powder which 
was grayish in color and weighed 102 gm., being equivalent to 10.2 per 
cent of the original material. This was designated B. 

Sixty-five gm. of the resin B were extracted in a Soxhlet extractor with 
chloroform until exhausted; 11.4 gm. or 17.5 P^r cent remained undis 
solved. This portion was removed from the extractor, was dissolved in 
alcohol, and then precipitated in cold water. After the precipitate had 
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been filtered and dried, a chocolate-brown powder resulted. This was 
designated C. 

The chlorofonn extract from 5 was placed on a steam bath to remove 
the chloroform. The residue resulting was a dark, sticky material which 
became hard and brittle when cooled below room temperature. It was 
ground while hard and was designated D. 

The three substances designated A, C, and D were tested in very dilute 
form on small chinook salmon and were found to be exceedingly toxic. 
The extract A appeared to be the most powerful, while the chloroform - 
soluble resin D was much more toxic than was C. The effect of the 
extract A on the fish might have been influenced to a considerable extent 
by a trace of petroleum ether which seemed to remain in the extract and 
imparted to it a distinct odor. 

The three substances called A, C, and D were tested also on small tent 
caterpillars by being sprayed on foliage. Within eight days A had killed 
70 per cent, C 92.3 per cent, and D 544 per cent of the caterpillars tested; 
but only 22.1 per cent of the control larvae had died. 

EXTRACTION OF DERRIS ELLIPTIC A AND TESTS OF EXTRACTS OBTAINED 

The roots of "‘tuba” or '‘toeba” were ground as fine'as their fibrous 
nature would permit, and 200 gm. of this powder were macerated for 
two days with a quantity of cold water. After the mixture had been 
filtered, the water extract measured 600 cc. , each cc. representing gm. of 
the roots. Half of this cold water extract was tested on small tent cater- 
pillars ; within eight days only 30.9 per cent of them had died. The other 
half of this extract was evaporated to one-half its volume on a steam bath 
and then again made up to its original volume with water. This portion 
of the extract was. later tested on small tent caterpillars; within eight 
days only 14.3 per cent of them had died. This does not mean that the 
application of heat affected the toxicity of the extract, for 22.1 per cent 
of the control larvae died. 

The marc from the preceding water extractions was dried by means of 
a current of air and was macerated with several portions of cold petroleum 
ether. The combined extracts were then divided into two equal portions. 
While the petroleum ether evaporated spontaneously from one portion in 
an open dish, it evaporated on a steam bath from the other portion. 
The residue resulting was a waxy, yellow substance which represented 
1.4 per cent of the original material. Spray solutions containing these 
petroleum-ether extracts were tested on aphids; there was practically no 
difference in effectiveness between the extract obtained without the use 
of heat and the one with it (see No. 288 and 289, Table IV). 

The powder left after the preceding extractions was spread out, and 
the residual petroleum ether was allowed to evaporate. It was then 



Aug. 15. 1519 Derr is as an Insecticide 187 

divided into two equal parts; one part was macerated with successive 
portions of cold 95 per cent alcohol until exhaustca, and the other part 
was boiled on a steam bath with successive portions of 95 per cent alcohol 
until exhausted. The combined extracts from the first part represented 
4.17 per cent of the original powder and those from the second part 4.26 
per cent. Spray solutions containing these alcoholic extracts were 
tested on aphids, small fall webworms, and on large tussock-moth cater- 
pillars. There was practically no difference in their effectiveness on these 
insects (see No. 290 and 291, Table IV). 

extraction of DERRIS UUGINOSA AND TESTS OF EXTRACTS OUTAINED 

The stems were reduced to a coarse powder, and too gm. of this material 
were repeatedly extracted on a steam bath with petroleum ether until 
exhausted. Upon evaporation of the petroleum ether, there remained a 
yellow, shiny, somewhat brittle substance which represented i .02 per cent 
of the original stems. 

The marc from the above extraction was dried thoroughly and then 
exhausted with 95 per cent alcohol on a steam bath. The residue left 
upon the evaporation of the alcohol represented 7.82 per cent of the 
stems. The above petroleum -ether and alcoholic extracts were found 
very effective against aphids (see No. 293 and 294, Table 1\^). 

EXTRACTION OF VARIOUS SPECIES OF DERRIS WITH DENATURED AECOHOE 
AND TESTS OF EXTRACTS OBTAINED 

Since the preceding results have shown that alcohol is the most suit- 
able solvent for the toxic resins, the use of denatured alcohol as the 
best economic solvent was at once suggested. By the use of suitable 
apparatus this solvent can be recovered with very little loss and con- 
sequently can be used repeatedly. 

For the tests described below, 50 gm. of powdered material in each 
instance were extracted with denatured alcohol on a steam bath, and the 
extract was concentrated to 25 cc. so that i cc. was equivalent to 2 gm. 
of material. 

In the tests performed in the laboratory, the general plan for each 
test was to spray or dust about 500 aphids or 100 caterpillers on foliage, 
and then to place this foliage in a bottle of water inside a battery jar 
which was covered with cheesecloth. A record of the dead insects was 
taken at regular periods. The tests with aphids usually covered a 
period of 24 hours, and those with caterpillars and potato beetles 
{Leptinotarsa decemlineata Say) 10 or 12 days. The results of most of 
these tests are given in Tables IV and V. Table V gives chiefly the 
results obtained by using denatured alcoholic extracts and the powders 
of various species of Derris, applied as dust. Attention is called to the 
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following points: (i) The ^coholic extracts, of ellipticaf utiginosa^ and 
koolgihherah (No. 296, 295, and 298) were generally efficient, while those 
of oligosperma^ scandeus, and robusia (No. 299, 300, 400, and 401) were 
only seldom efficient; (2) the powder of Derris sp. (No. no), mixed 
with water or soap solution, was usually efficient, while the other pow- 
ders (No. 402-406) tested by this method were found inefficient; and 
(3) of the eight powders used as dusts, only those of Derris sp., elliptica, 
and uliginosa (No. no, 408, and 407) were found efficient. 
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EFFICIENCY OF.DKRRIS AS AN INSECTICIDE 

The experiments relating to the efficiency of Derris as an insecticide 
were performed et the Insecticide Board's Testing Taboratory, located 
at Vienna, Va. The Derris material used was purchased on the open 
market and is distinguished from the other materials employed by being 
called powder derived from Derris sp. 

EFFICIENCY OF DERRIS AS A CONTACT INSECTICIDE 

The commercial powder, when used as a contact insecticide, was 
applied in two forms: (a) as a dry powder and (b) as a spray mixture 
with or without soap. 

DERRIS applied as A POWDER AGAINST VARIOUS INSECTS 

Dog fee as. — Eight dogs badly infested with fleas (Ctenocepkalus cams 
Curt.) were dusted thoroughly. The material was applied with a shaker 
and well rubbed into the hair with the hands. At the end of 48 hours 
no living fleas were observed. Several dead ones were seen still clinging 
to the hairs. 

Chicken eicE. — Twelve hens badly infested with several species of 
lice (Mallophaga) were thoroughly treated with the powder, which was 
well rubbed in through the feathers. When the hens were examined two 
or three *days later, they were free from lice. 

Chicken mites. — When this powder was freely dusted over the 
chicken mites {Dermdnyssus gallinae Redi), confined in jars, all were 
killed within 24 hours, but when used under practical conditions in a 
badly infested chicken house, all of the mites were not killed. 

Bedbugs. — Derris was tested against bedbugs (Cimex lectularius L.) 
by placing 20 bugs in a jar with a quantity of excelsior and then thor- 
oughly dusting the contents of the jar. In nine tests under these very 
severe conditions 24.4 per cent of the bugs were killed in 24 hours and 
52.8 per cent in four days. This material would be of no practical value 
against bedbugs. 

Roaches. — Six small cages were thoroughly dusted and 20 roaches 
{Blatiella germanica L.) w-ere placed in each cage. At the end of one 
week an average of 57.5 per cent of the roaches were dead, which indi- 
cates that this material would be of very little value under practical 
conditions. 

House flies. — In cage tests, where house flies (Musca domesiica L.) 
were dusted in ordinary flytraps about 10 inches high, all were dead or 
inactive within 24 hours. In room tests, where the powder was freely 
blown into the air and all parts of the room with a small hand dust gun, 
all of the flies were dead at the end of 16 hours. 
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In. one test several hundred flies were liberated in a room which had 
been thoroughly dusted seven days before. Twenty-four hours later 
very few active flies were to be seen, and on the second day only three 
or four were living. 

Plant insects. — Derris applied as a dust was of no value against the 
mealy bug {Pseiidococcus citri Risso), the Orthezia {Orthezia insignis 
Doug.), red spiders (Tetranychus bimaculatus Harv.), and the crawling 
young of the oyster-shell scale {Lepidosaphes ulmi L.) ; but it was effective 
against nasturtium aphids {Aphis mmicis L.) and the green apple aphis 
{Aphis pomi De Geer). 


DERRIS applied as a SPRAY MIXTURE 


Derris applied as a spray mixture was tested against the green apple 
aphis {Aphis pomi De Geer) under field conditions and was found to be 
very effective. Young apple trees, about 10 feet high, were used. The 
spray mixtures were applied with a knapsack sprayer, except in tests 
No, 3 and 6, in which a barrel sprayer was used. When soap was used 
it was employed at the rate of i pound to 25 gallons of water. One 
dusting experiment was performed, the powder being applied with a 
large hand duster. 


Table XI.— Results of field i^.sis, using Derris pou;der in spray mixhircs and as a dusi 
against the green apple aphi {Aphis pomi De Geer) 


No. of of powder to water or soap solution used, dusting test, an 

test. controls. 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 
J2 

13 

14 


I pound of powder to 25 gallons of water 

I pound of powder to 50 gallons of water 

do •. — 

r pound of powder to 50 gallons of soap solution . 

I pound of powder to 100 gallons of water 

do 

I pound of powder to 100 gallons of soap solution 

I pound of powder to 150 gallons of ivater 

I pound of powder to 1 50 gallons of soap solution 
I pound of powder to 200 gallons of water. ....... 

I pound of ]X)wder to 200 gallons of soap solution 

Dusting test 

Control, soap solution only 

Control, trees untreated 


d 


Num- 
ber of 
trees 
used . 

Dura- 
tion of 
tests. 


Days. 

5 

3 

5 

3 

32 

4 

2 

3 

3 

3 

52 

4 

5 

3 

5 

3 

5 

3 

5 

4 

5 

3 

2 

2 

4 

4 

8 

4 


Aphids 

killed. 


Per cent. 
100 
100 
95-100 
100 
100 
80-90 
100 
100 
100 
98-100 
98-100 
100 
o 
o 


a Four trees entirely free of aphids. 


Table VI shows that Derris. even at the rate of : pound to 200 gallons 
of water, was very effective against the green apple aphis under field con- 
ditions and that on apple foliage the addition of soap does not increase 
its effectiveness. It also shows that this powder is effective as a dust. 

Under greenhouse conditions, in tests against the nasturtium aphis, 
this material was found to be effective when used at the rate of 1 pound 
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of powder to 400 gallons of water, with soap at the rate of i pound to 
100 gallons. 

Oyster-shell scale. — At the rate of i pound of powder to 20 gallons 
of water, either with or without soap in the proportion of i pound to 100 
gallons, Derris was ineffective against the crawling young of the oyster- 
shell scale {Lepidosaphes tUmi L.). 

While taking records of numerous greenhouse tests with Derris against 
aphids, it was noticed that all the aphids were not killed during the first 
24 hours but continued to die for several days. Since a contact insecti- 
cide which continued to kill for a period of five or six days seemed an 
anomaly, the following experiments were made to detennine definitely 
if this were the case and over how long a period this killing would extend. 

The aphids on small potted plants, were counted, and the plants were 
then thoroughly dusted or sprayed. Paper disks were placed around the 
plants to catch the aphids that fell. Careful counts were made every day 
until all of the aphids were gone. In these counts each aphid was 
observ^ed through a lens, and when necessary each one was touched with 
the. point of a knife to detennine whether it was still alive. A single 
untreated plant was used with each series as a control. 

The aphids began falling from the plants within an hour, but for the 
first 24 hours most of those on the paper disks were alive. iVfter this the 
aphids that fell were practically all dead. In the case of the dusted plants 
a -few dead aphids were found clinging to the leaves the third day, but 
as a rule only the living ones remained on the plants. 

These tests fully confirmed the earlier observations and, furthermore, 
showed that some of the aphids did not die until five or six days after 
the application of the insecticide. The results are presented in Tables 
VII and VIIL 

Tabi.i3 VI 1. — Results of tests against nasturtium aphids (.4 phis nimicis L.f using Derris 
powder in spray mixtures at ike rate of I pound of powder to loO gallons of water 


Percentage of aphids living on plant at end of — 


Number. 

First 

day. 

Second 

day. 

Third 

day. 

Fifth 

day. 

Sixth 

day. 

Seventh 

day. 

Eighth 

day. 

Aphids treated: 

52. 2 
25-3 
19. I 
33 - 7 , 

24. 7 
22. 6 
II. 0 
20. 3 

10. 4 

7-3 
9.0 
23. 2 

4.4 
2. 0 

8 . I 

19.7 

2. 2 

2. 0 

5*7 

19.7 

0-5 

. 0 

3-3 
18. 6 

0- 5 
. 0 

2,8 
12. 7 


209 

172 . 

Averse 

35-0 

19. 6 

12 . 7 ! 

I 8.5 

7-4 1 

5-6 

4.0 

Aphids untreated : 

I CQ 

96. 2 

105.6 

104. 4 

j 137- 1 

144-6 

169. 7 

235-2 

*‘0 7 
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Table VIII. Results of tests against aphids {Myzus perstcae Suh.) on cabbage plants, 
usings Derr is powder as a dust 


Percentage of aphids liting on plant at end of— 


Number. 

First 

day. 

Second 

day. 

Tliird 

day. 

Fourth 
fi ay. 

Sbtth 

day. 

Eighth 
j day , 

Tenth ‘ 
day. i 

Thir- 

teenth 

day. 

FiF- 

tmiih 

ffey. 

Aphids treated: 










96 

43 * 7 

36.4 

31.2 

16. 6 

3 * I 

0. 0 

0.0 j 

0. 0 

0, 0 

157 

3^*4 

2 I. 0 

6-3 

2 - 5 

. () 

- 0 

.o| 

. 0 

. 0 

HI 

49 * 5 

: 29. 7 

11. 7 

9.0 

; 4 - 5 

1.8 ! 

■0 1 

• 9 i 

. 0 

235 

47.6 

; 3U0 

: 36. 5 

15*3 

9 * 7 

2. 1 

T. 2 1 

• 4 ' 

1 

Average 

44. 8 

i 29- 5 

' 16. 4 : 

10. 8 

4' 5 

' 1.0 

0- 5 i 

0. 3 

I 0. 0 

Aphids untreated : 



■ 1 




r 


i 

180 

^ 03 - 3 

i 

128.3 

146. I 1 

! 

179.4 

231. 6 

: 3 i 5 * 5 

3 ^ 5 * 5 + 3 

PS* 5 + 

'. 3 1 5 * 5 + 


Reference to Tables VII and VIII shows ‘that the percentage of un- 
treated aphids gradually increased from the first day of the tests onward ; 
This increase was due to the birth of aphids on the untreated plants, 
aphids were born likewise on the treated plants from the time the insecti- 
cide was applied until all the reproducing females Iiad died. Since 
practically all of the aphids on the treated plants were dead at the close 
of the tests, the newly born young ones must have been killed by coming 
in close proximity to the particles of powder still remaining on the plants. 

efficiency of derris as a stomach poison against various insects 

PotaTo-REETeE Earv^. — Derris powder as a stomach poison was 
tested on a small scale against potato-beetle larvae {Lepiinotarsa decem- 
lineata Say) at several strengths, ranging from r pound of powder to 16 
gallons of water up to i pound to 128 gallons and was found to be very 
effective. Practically all of the larvae were killed within 48 hours and 
the plants were little eaten. 

Since these spray mixtures might have acted as contact poisons, 
because the larvae were already on the plants when the latter were sprayed, 
a second series of tests was arranged to eliminate this factor. The same 
plants were used and from 20 to 40 larvae were placed on them one or 
two days after they had been sprayed. The results obtained were prac- 
tically the same as in the first series of tests. Very few living larvae 
were found three days later and the plants were little eaten. 

When applied as a dust, Derris was equally efficient against potato- 
beetle larvae. 

Tent caTERPIELARS. — Derris was tested against young tent cater- 
pillars {Malacosoma americana Fab.) in a series of strengths ranging 
from I pound of powder to 8 gallons of water to i pound to 200 gallons. 
All the mixtures were found to be effective. 



196 


Journal of Agricultural Research 


Vol. XVII. No. 5 


Apple tree branches were thoroughly sprayed, and after the foliage 
had dried from 20 to 40 newly hatched larvae were placed on each branch. 
The caterpillars began to show signs of discomfort within 48 hours and 
were practically all dead in from 5 to 10 days. In no case was any mate- 
rial amount of feeding observed. 

In a second series of tests the larvae were placed on the branches and 
sprayed after they had begun to form their tents. Under these condi- 
tions sprays containing i pound of powder to 50 gallons of water and i 
pound to 100 gallons killed all of the larvae within 24 hours. When 1 
pound to 200 gallons and r pound to 400 gallons were used all thelar\^ae 
were not killed within ii days, but the few which remained alive were 
very small and inactive. 

Used as a dust, this material killed all of the treated larvje within one 
week. 

Fall web worms. — These caterpillars (Hyphantria cunea Dru.), about 
one-third grown, were killed within a week by a spray containing i 
pound of powder to 5 gallons of water. Mixtures ranging from i pound 
to 50 gallons to i pound to 200 gallons were not satisfactorily effective, 
since nearly all of the sprayed foliage was eaten and not all of the cater- 
pillars were killed. 

Oak worms.— Two small oak trees, on which about 300 caterpillars 
{Anisoia senatoria S. and A.) were feeding, were sprayed thoroughly 
with Derris at the rate of i pound of powder to 25 gallons of water; 
soap was added at the rate of i pound to 50 gallons, and a knapsack 
sprayer was used. Within 24 hours the larvae became inactive and 
ceased to feed, and at the end of 6 days no living ones could be found. 
As a check on this test, powdered arsenate of lead was applied at the 
rate of i pound to- 50 gallons of water, and almost identical results were 
obtained. 

A second test was made in which a small tree was sprayed, and 24 
hours later about 50 larvae were placed on it. The caterpillars ate very 
little and gradually disappeared, evidently leaving the tree, since no dead 
ones were observed; and at the end of 5 days they were nearly all gone. 

D AT AN a larv/E. — Two apple trees, on which large colonies of nearly 
full grown apple datanas (Datana ministra Dru.) were feeding, were 
sprayed with Derris at the rate of i pound of powder to 30 gallons of 
water. Twenty-four hours later one living larva was found on one 
tree and two on the other. The ground under the trees was thickly 
sprinkled with dead larvae and many had lodged in the trees. 

Cabbage worms. — In two cage tests against cabbage loopers 
grapha brassicae Riley), Derris, applied at the rate of i pound to 25 gallons 
of water, killed all of the larvae within 24 hours. 
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PHARMACOLOGICAI, EFFKCTS OF TOXIC PRINCIPLE 

The preceding experiments show that the toxic principle contained in 
Derris kills insects both as a contact insecticide and as a stomach poison. 

It now remains to be shown how this poison kills insects. This phase of 
the work involves a careful study of the physiological effects of the toxic 
principle on insects and of how it reaches the internal tissues. 

PHYSIOLOGICAL KFFECTS 

In the foregoing experiments it was observed that the various spray 
mixtures and powders were effective only when they came in actual 
contact with the insects tested. The following experiments were per- 
formed to determine whether they would kill insects without coming in 
actual contact with them. In these experiments only the powder from 
Derris sp. was used. 

Ten small fall webworms, confineo in an observation wire-screen case, 
were placed }i inch above the surface of a strong mixture of Derris 
powder and water so that the exhalation and vapors from the mixture 
could pass freely through the wire screen. No effects on the insects were 
observed which could be attributed to the presence of the insecticide. 

Fall webworms, ants (Monomorium phxiraonis L.), various species of 
aphids, roaches, and the larvae of Prodenia ornithogalli Guenee were con- 
fined in large, air-tight glass tubes with Derris powder so that they could 
not touch it. As a rule, the exhalation from the powder had little effect 
upon the confined insects. None of the webworms or larvae of Prodenia 
died, and only a small percentage of the ants and aphids and only the 
recently hatched roaches succumbed. 

Most of the aphids dusted with Derris powder fell within a few hours 
in a paralyzed condition from the plants bearing them, and then they lay 
more or less helpless for a few hours before they died. Aphids sprayed 
with Derris mixtures and extracts behaved almost normally and showed no 
s>miptoms of paralysis; in short, they died very slowly and their behavior 
was similar to that of those sprayed with quassia extracts, described by 
Meindoo and Sievers (7, 5 ^ 3 )- Honeybees fed extracts of Derris 

seemed to die of motor paralysis; and their behavior was similar to that 
of those fed nicotine, described by MeIndoo (6, p. 97); but it was some- 
what different from the behavior of those fed arsenic. 

histological methods of tracing derris powder and spray mix- 
tures IN insects 

Small individuals of fall webworms, caterpillars of Dataiia, silkworms, 
and cockroaches, confined in wire-screen observation cases, were dusted 
with Derris powder (No. 200) . Three hours later all of them were stupid, 
and after being removed from the cases they were put in vials containing 
thick celloidin. After remaining in the celloidin an hour they were put in 
other vials containing chloroform. Then an hour later they were cut into 
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small pieces and were fixed in a liquid containing equal parts of absolute 
alcohol and chloroform with corrosive sublimate to excess. The thick 
celloidin completely covered the integuments of the dusted insects and 
held the particles of powder where they were already adhering to the 
hairs and integuments. It did not pass into the mouth, anus, or spiracles 
but ran into all of the crevices and surrounded the hairs. The 
chloroform soon made the celloidin hard, thereby forming a hard layer 
around the insect, and thus holding the powder in position. Sections 
made from this material were stained with eosin in equal parts of absolute 
alcohol and chloroform. This method kept the celloidin hard and thus 
firmly held the particles of powder in position. 

A study of the sections described above showed the following; A thick 
layer of celloidin, dotted with particles of powder, completely surrounded 
the integument, and processes from it ran into all of the crevices or inden- 
tations of the integument. The heat in the paraffin bath caused the 
celloidin to shrink, thereby drawing it away from the integument at 
places; but at other places it remained in contact with the integument. 
Most of the powder in the layer of celloidin lay against the integument 
and none could be seen inside the insect, except particles here and there 
which seemed to have been dragged inside by the microtome knife; none 
was seen in the tracheae and only occasionally was a small amount 
observed in the spiracles, but never enough to clog them. 

To be able to trace the powder better and distinguish it irom the par- 
ticles of food in the intestine, the following experiments were performed: 
Bight fall web worms were dusted with a mixture of Derris powder and 
lamp-black, and eight more with a mixture of Derris powder and carmine; 
the lamp-black and carmine were finely pulverized and were mixed thor- 
oughly and in equal proportions with the Derris powder. The first four 
of each set were three hours later fixed intact in the modified Carnoy’s 
fluid (equal parts of absolute alcohol, chlorofonn, glacial acetic acid, and 
corrosive sublimate to excess) ; and the second four of each vSet were 
treated by the celloidin process, described above. Many sections were 
made from the material of each set; one-half of those from the material 
dusted with the Derris powder and lamp-black mixture were stained in 
the mixture of absolute alcohol, chlorofonn, and eosin; and the other 
half were left in the paraflin-ribbon stage on the slides and not stained. 
The sections from the material dusted with the Derris powder and carmine 
mixture were likewise treated, one-half being stained with methylin blue 
in 95 per cent alcohol and the other half being left unstained in the par- 
affin-ribbon stage. 

A study of these sections showed the following; The black and red 
powders were easily traced around the outside of the integuments but 
never in the tracheae, and only occasionally did a small amount lie in 
the mouth of a spiracle. In many of the sections, small masses of the 
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colored particles lay inside the integument; but most of them, if not all, 
seemed to have been dragged there by the microtome knife, or washed there 
by the staining liquid and xylol. However, a careful study of the par- 
affin-ribbon sections, from the material dusted with the Derris powder 
and carmine mixture, showed red powder only on the outside of the integu- 
ment and none inside, except a small amount here and there in the 
intestine. 

Mclndoo ( 6 , p. loj) has shown tnat nicotine spray solutions not con- 
taining soap do not pass into the tracheae of certain aphids and cater- 
pillars, and the same is true for quassia-spray solutions not containing 
soap. Quassia-spray solutions containing soap, however, pass freely into 
the tracheae and finally reach the various tissues (7, p. 525). In view of 
these results it w^as not considered necessary to trace Derris extracts con- 
tained in water and in soap solution. 

The preceding histological study seems to show the following: Derris 
powder dusted upon insects does not pass into the tracheae, but a limited 
amount of it may lodge in the spiracles, though never sufficiently to inter- 
fere with breathing. In order that the vapors and exhalation from a 
nicotine-spray solution be effective, it is necessary for the insects sprayed 
to carry some of this solution on their bodies ; likewise it is necessary for 
the insects dusted with Derris powder to carry some of this powder on 
their bodies in order that its exhalation may pass into the spiracles in as 
undiluted a condition as possible. After being dusted the insects seem 
to swallow some of the powder, which later may act as a stomach poison. 
Soap solutions containing Derris extracts pass freely into the spiracles 
and finally reach the various tissues, but probably the extracts kill by 
first affecting the nen'e tissue. 

SUMMARY 

Derris, known widely as a powerful East Indies fish poison, was 
found to fulfill several of the requirements of a general insecticide; it 
acts both as a contact insecticide and as a stomach poison, but is of no 
practical value as a fumigant. Six species of Derris were tested, but 
only two of them (elliptica and uliginosa) were found to be satisfactory 
for insecticidal purposes. 

According to the views of various authors, the toxic principle in Derris 
is a resin, which affects the various classes of animals according to the 
development of their nervous systems. It kills some insects easily and 
others with difficulty, but it usually acts slowly and seems to kill by 
motor paralysis. 

Denatured alcohol was found to be a good economic solvent for ex- 
tracting the toxic principle, which when applied in spray mixtures proved 
to be efficient against certain aphids, potato-beetle lar\’ae, and small 
fall webworms. For proprietary insecticides it is possible to incorporate 
the extracts from Derris into soft soaps which when greatly diluted 
with water are ready for use. 
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Derris powder, used as a dust under practical conditions, was found 
to be efficient against dog fleas, chicken lice, house flies, three species 
of aphids {Aphis rumicis L., Aphis pomi De Geer, and Myzus persicae 
Sulz.)» potato-beetle larvse, and small fall webworms, but of no practical 
value against bedbugs, roaches, chicken mites, mealybugs, Orthezia 
insignis, red spiders, or against the crawling young of the oyster-shell 
scale. Used as powder in water with or without soap under practical 
conditions, it proved to be efficient against most of the aphids sprayed 
and also against cabbage worms {Auiographa brassicae Riley), the larvae 
of apple datanas (Daiana minisira Dru.), oak worms (Anisoia senaioria 
S. and A.), small tent caterpillars, and potato-beetle larvae. 
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EFFECTS OF HEAT ON TRICHINAE 


By B. H. Ransom, Chief of the Zoological Division, and Benjamin Schwartz, Junior 
Zoologist, Bureau of Animallndustry, United States Department of Agriculture 

INTRODUCTION 


It is a well-known fact that the lares of Trichinclla spiralis, which 
are of rather common occurrence in pork, may he killed by thorough 
cooking and the meat thereby rendered safe for food so far as concerns 
the danger of trichinosis. As to the actual temperature required to kill 
the parasites, however, various writers give very different figures, so 
that the question of the thermal death point has been rather uncertain. 
The thermal death point of trichinae is a matter of great practical 
importance in connection with the control of cooking processes employed 
by meat-packing establishments in the preparation of cooked products 
containing pork. The simple rule of cooking pork until it is well done, 
which can be applied satisfactorily by a careful cook in the household 
kitchen, is not suited to conditions in meat-packing establishments. 
Instead of such a rule a more exact statement of requirements is desir- 
able. In fact, the Bureau of Animal Industry, which is charged with 
the enforcement of the federal meat-inspection law, requires that pork 
or products containing pork cooked in establishments operating under 
Federal inspection shall be heated sufficiently to insure a temperature 
throughout all portions of the meat that will destroy the vitality of any 
trichinae which may be present, specifically a temperature of 137*^ B. 
(58° + C.). This temperature is several degrees higher than the tempera- 
ture that has been accepted by the bureau as representing the thermal 
death point of encysted trichinae, but the difference between the two 
represents no more than a reasonable allowance as a margin of safety. 

Before a decision could be reached as to the degree of heat required 
to destroy the vitality of encysted trichinae, it was found necessary to 
supplement the investigations on this question wliich are recorded in the 
literature with further experimental work; and it is the purpose of this 
paper to set forth the results obtained. This work was begun by the 
senior writer in 1913, continued in 1914 latter part 

of 1915 taken up by the junior writer. 

REVIEW OF LITERATURE 


Hauhner, Kiichenmeister, and Leisering (5) ‘ state that trichins are 
killed by prolonged salting, followed by 24 hours of smoking, but do not 
give data as to the temperature of smoking. 

» Reference is made by number (italic) to '‘Literature cited.” pp. 
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Fiedler (i, p. 26-2^) foiind that if small particles of trichinous meat 
were heated to 35® R, (43.75® C.) in water the heating had no other effect 
than to render the parasites more active when viewed at the same 
temperature under the microscope. Similar results were obtained by 
heating to a temperature of 40° R. (50° C.), The trichinae in finely 
chopped meat held at a temperature of 50° R. (62.5^ C.) for 15 minutes 
and then cooled were found to show movement when gently warmed, 
but reexamination of the meat 24 hours later failed to show any trichinae 
that would move when warmed. This experiment was frequently 
repeated with similar results, and similar results were obtained with a 
temperature of 52® R. (65® C.). Temperatures of 58® R. (72.5® C.) 
and upward, allowed to act for a period of 10 minutes in all cases, affected 
the parasites so that no movement occurred afterward when gentle heat 
was applied. Three rabbits and a cat were fed trichinous meat after it 
had been heated 10 minutes at a temperature of 50® R. (62.5® C.), and 
none became infected. Trichinous meat heated 10 minutes at a temper- 
ature of 40® to 42® R. (50® to 52.5® C.) infected a rabbit. In another 
experiment meat heated at 40® R. (50° C.) for 10 minutes failed to infect 
a young cat. Trichinous meat heated at 60® R. (75® C.) for 10 minutes 
failed to infect two rabbits. 

In another paper Fiedler (2, p. 46J-4.68) reported an experiment in 
which he fed tw^o rabbits with minced trichinous meat that had been 
heated in water for 10 minutes at a temperature of 50® R. (62.5® to 
65® C.). No infection resulted. He also reported an experiment in 
which two rabbits v/ere fed with trichinous meat that had been heated in 
water for commutes at a temperature of 45® to 46® R. (56.25® to 57.5° C.). 
No infection resulted. 

Haubner (4) states that the smoking of pork at a temperature which 
reaches and exceeds 52® R. (65® C.) kills the trichinae or brings about 
their early death. 

Rodet (72) states that trichinae do not die at a. temperature of 55® 
to 60® C. He also asserts that they survive even a temperature of 70® to 
80® C. and succumb with certainty only to a temperature of 100® C. In 
support of his views Rodet presents very imperfect experimental evidence. 
He states that he placed pieces of trichinous muscle in water at a temper- 
ature of 70° to 80® C. and allowed them to remain there for some time. 
Upon being taken out of the water the trichinae in the meat were still 
lively. When plunged into water at 100® C. they were killed and became 
completely uncoiled. 

Fjord and Krabbe (j) concluded that encysted trichinae die at 52.5® C. 
after a 30 minutes’ exposure. At 54® C. they survived 10 minutes and 
at 55® to 56® C. they died in 5 minutes. Their method of procedure 
consisted in cutting up trichinous meat and heating it in a vessel contain- 
ing warm water while agitating the contents with a thermometer. To 
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determine the effects of the heating upon the vitality of the parasites 
they fed the meat to rabbits, which were examined for trichinae 15 to 30 
days after feeding. 

Perroncito (7) records observations on the behavior of the Iar\^ae under ■ 
the influence of high temperatures and draws the conclusion that a tem- 
perature of 48^^ to 50° C. is sufficient to kill the parasites. He placed 
decapsuled larvae as well as encysted larvae in salt solution and examined 
them on a warm stage. He obsen^ed that as the temperature increased 
the larvae became more active, but that at 45° C. their activities ceased. 
If the temperature was lowered they resumed their activities. If the 
temperature was raised to 48 or 50° C. they became completely inactive 
and remained so even when the temperature was lowered. 

Vallin (ij) records a series of experiments on the effects of heat on 
trichinae. He heated small pieces of trichinous meat in tul3es containing 
water, placed the tubes on a sand bath, and read the temperatures on a 
thermometer with which each tube was provided. He found that a 
20-rainutes’ exposure to a temperature of 60° C. resulted in a complete 
destruction of the vitality of the larva?. He fed the heated meat to two 
rabbits and four guinea pigs and failed to infect them. Vallin states 
that temperatures below' 60° C. are uncertain in their effects, since after 
heating meat to 56° C. he succeeded in infecting with it one guinea pig, 
although tw'O rabbits to w'hich the meat w^as fed escaped infection. 
He tried temperatures low'cr than 56° C. and found them ineffective. 

Leuckart {6) states that Trichinella spiralis does not perish until it is 
acted on by a temperature ranging between 62® and 69° C. 

Piana (<?) concluded as a result of certain experiments that a temper- 
ature of 56° C. is fatal to the larvie of Trichinella spiralis. 

Ransom (lo, p. 159) states: 

With reference to the effects of high temperatures upon the vitality of trichinse, 
various statements are found in the literature which seem to have for the most part 
rather imperfect experimental evidence as a basis. From a rather small series of 
experiments conducted within the last two years, I have found that encysted trichinae 
regularly die when exposed for a short time to a temperature somewhere between 
53° and 55° C. 

The earlier of these experiments supplied the data upon which was 
based the following statement (9) : “The results already obtained in the 
investigations . . . show that the parasites die after a brief exposure 
to a temperature between 53^^ and 55"^ C.” 

Winn (14) records a series of experiments in which trichinous meat 
w’as heated to certain temperatures, maintained at those temperatures 
for 15 minutes, and then fed to experimental animals. The effect of 
the heat was judged by the degree of infection as compared witn that of 
animals fed on similar quantities of meat which were unheated. Wmn 
found that temperatures below 53° C. produce no apparent effect upon 
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the vitality of the worms. • At 53® C. he found the vitality of the worms 
slightly reduced, but the results were variable. At 54° C. there was a 
further reduction in vitality, but meat which was heated to 55° C. and 
maintained at that temperature for 15 minutes was not capable of 
producing an infection. 

HXPKRIMENTAh WORK 

Experiments by the present writers on the effects of heat on the larvae 
of Trichinella spiralis have been made with meat containing encysted 
larvae as well as with larvae freed from their capsules by artificial diges- 
tion. In the fonner case there is more or less difficulty in obtaining accu- 
rate data, since the temperature in the interior of the meat does not neces- 
sarily correspond to the temperature of the medium in which it is heated. 
This difficulty may be overcome, however, if small pieces of muscle tissue 
are used and if the temperature is raised gradually. In experiments on 
larvae freed from their cysts by artificial digestion more accurate deter- 
minations can be made, since the temperature of the medium is an excel- 
lent index to the temperature of the parasites themselves. From a com- 
parison of the results obtained by the two methods definite conclusions 
regarding the thermal death point of the larvae may be drawn. 

OBSERVATIONS ON THE SURVIVAL OF DECAPSULED LARViS IN 
VARIOUS MEDIA 

In connection with experiments on the effects of heat upon decapsuled 
larv^ae, the question of their sur\dval in various media following artificial 
digestion is important, since such experiments are complicated by the 
factor of abnormal environment, and results obtained might not corre- 
spond with those obtained in experiments in which the parasites are sub- 
jected to heat while still inclosed in their capsules in pieces of meat. En- 
cysted trichinae may be kept alive for many months and may still be 
viable in meat that has become badly decomposed. Although decap- 
sulcd larvae are unlikely to survive as long as encysted larvae, they can be 
kept aliveforconsiderable periods of time. In a paper by the senior writer 
(Ransom, ii), it has been shown that decapsuled larvae may retain their 
normal activity and appearance when kept in tap water or 0.6 per cent 
salt solution at a temperature of about 20° C. for a period of from 10 days 
to two weeks or more, and that they have been kept alive and very active 
for as long as 1 1 days in 2 per cent salt solution. On the other hand, at a 
temperature of 38° decapsuled larvae kept in tap water became inactive 
within a few hours, whereas when kept in 0.6 per cent salt solution at the 
same temperature for the same length of time they suffered no apparent 
injury. 

Further observations have been maoe by the junior writer which show 
quite clearly that the longevity of the larvae after artificial digestion de- 
pends upon both the medium in which they are kept and the temperature 
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to which they are subjected. Pure water as compared to physiological 
salt solutions was found to be distinctly injurious, the injurious action va- 
rying directly with the temperature. Lar\^ae kept in distilled water at a 
temperature of 39^-40° C. were all dead at the end of 22 hours, while in 0.7 
per cent solution of sodium chlorid or in Ringer’s solution they lived longer, 
although they all died within 48 hours. In distilled water at a tempera- 
ture of 32^-33° decapsiiled larvae were nearly all uncoiled at the end 
of 48 hours, while in 0.7 per cent sodium-chlorid solution or in Ringer’s 
solution some were still alive at the end of 5 days. Similar differences 
were observed in the case of lower temperatures. In distilled water at 
25®-26° larvae remained alive for 4 days; in physiological salt solutions 
at 25^-27*^ some were still alive at the end of 13 days; in distilled water 
kept at a temperature of about 8° only a few lar\^ae were still alive at 
the end of 12 days; while in physiological salt solutions at the same tem- 
perature some larvae were still alive at the end of 50 days. 

From these observations and our general knowledge of the phenomena 
of osmosis it would appear that the loss of salts from the tissues of the 
worms into the water and the penetration of the water into the tissues of 
the worms are important factors in bringing about the death of the worms 
when kept in hypotonic media, such as distilled water. This belief is borne 
out also by the fact, noted in a former paper {ii, p. 849) and repeatedly 
observed since that paper was written, that larvas kept in a hypotonic 
solution until they have begun to show distinct evidence of its effects, such 
as loosening of their coils and paling of their protoplasm, if transferred 
to a physiological salt solution before the injurious action of the hypo- 
tonic medium has gone too far, will usually resume a normal state of con- 
traction and a normal or almost normal brown color. Another indication 
that the death of decapsuled larv^se kept in hypotonic solutions may be 
dependent upon osmotic processes is that they die more quickly at high 
than at low temperatures, which is in hartnony with the fact that osmosis 
is hastened by raising the temperature. 

Another factor or factors, however, enter into the matter, inasmuch as 
in isotonic solutions as well as in hypotonic solutions the larv^ae do not 
survive so long at high temperatures as at low temperatures. It may be 
supposed that at the higher temperatures death of the larvae kept m iso- 
tonic and comparatively inert solutions is brought about by exliaustion 
resulting from the greater activity of the worms and consequently more 
rapid oxidation of their tissues than at lower temperatures. Such an 
explanation is complicated by the fact that larval tnchma. encysted m 
the muscles of a living animal may Hve for many years, although con- 
stantly subjected to a temperature at which they live only two or three 
days when removed from their cysts and kept in salt solutions. Possibly 
in the living animal they are kept in a relatively inactive condition 
through the operation of factors no longer present when they are removed 
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from their normal environment, and it is possible also that they may be 
able to replace waste through the absorption of nutritive materials from 
their host. 

A natural corollary to experiments on the effects of h)^otonic solutions 
are experiments on the effects of hypertonic solutions. A typical 
example of such an experiment is one in which decapsuled larvse were 
kept for 22 hours in a molar solution of dextrose. At the end of this 
time they were found to be partially uncoiled; their protoplasm was dull 
in appearance; the cuticle was wrinkled, particularly in the" posterior 
portion of the body; the body wall was wrinkled; and the cells of the 
esophagus were indistinct. After having been transferred to and kept 
in 0.7 percent salt solution overnight, they were found to be tightly coiled 
and normal in appearance. Similar results were obtained in a repetition 
of this experiment. 

So far as concerns the purposes of the present paper, the foregoing 
observations are of interest because they show that trichinae freed from 
their cysts by artificial digestion may be kept alive for a long time in 
physiological salt .solutions, in water, and in certain hypertonic solutions, 
and that, although within a temperature range the upper limit of which 
does not exceed 40° C. their longevity decreases as the temperature at 
which they are kept is raised, they do not in any case die quickly. 

EXPERIMiCNTS WITH DECAPSUbED bARV^ 

Inasmuch as trichina larvae that have been freed from their cysts by 
digestion of finely chopped trichinous meat in artificial gastric juice ^ at 
a temperature of 38° to 40^ C. for a period of about 20 hours can be kept 
alive for long periods of time, they can be conveniently used in experi- 
ments on the effects of heat. In a medium such as a 0,6 per cent or 0.7 
per cent solution of sodium chlorid, but also in plain water if not kept 
too long, they display more or less activity even at ordinary room tem- 
peratures but commonly assume a posture in which they are tightly 
coiled spirally; and their movements are often limited to a tightening or 
loosening of the coil. Their protoplasm, when unaffected by heat or 
other injurious agents, exhibits a certain brilliancy in appearance; and 
pigment in the cells of the alimentary tract, especially of the esophagus, 
gives them a distinct brownish color. After a little experience, depar- 
tures from the normal both as to their behavior and appearance of their 
protoplasm can easily be detected by microscopic examination. As a 
rule, in experiments in heating decapsuled larvae, the larvae were placed 
in a beaker or test tube containing sometimes water but usually a phys- 


* The following fluid has yielded satisfactory results: 


Scale pepsin (U. S. P.) 3 - 5 eiD- 

Sodium chlorid 2 gm. 

Hydrochloric acid (sp. g. i .19) , * . . to cc. 

Water. i,ooocc. 
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iological salt solution or Ringer’s fluid; and this was heated to the 
desired temperature on a water bath over an open flame, or in an incubator. 
After being cooled, individuals were removed with a pipette to hollow 
ground slides, or in some cases transferred to a Petri dish or shallow 
stender dish and allowed to cool. They were then examined directly on a 
warm stage, either on slides or in the dishes, in order to determine the 
results of the experiment. 

UEHAVIOK OF DFCAPSULHD I^ARVi^) WHEN HEATED 

When trichina larvae are heated on a warm stage their reactions may 
be directly observed with the microscope. As the temperature rises 
they begin to uncoil and become very active, their activity gradually 
increasing. When the temperature has reached the neighborhood of 
50° C. spasmodic contractions are commonly observ'ed, and the larv^ae 
twist themselves into various shapes. With a further rise of temperature 
they grow sluggish and may become either uncoiled and inactive or else 
tightly coiled and quiescent. After passing into this sluggish condition 
they may again become lively if the temperature is lowered, but if sub- 
jected to a sufficiently high temperature for a sufficient length of time 
they do not recover when removed to a cool place. 

Decapsule d trichinae killed by heat usually become uncoiled and assume 
a characteristic shape resembling the figure 6. If allowed to stand for 
some time the protoplasm becomes dull, certain granulations appear, 
and often the cell partitions in the gonads can no longer be distinguished. 
Larvae in this condition are readily recognizable as dead. Sometimes, 
however, larvse that have been subjected to heat may remain loosely 
coiled and the protoplasm may not undergo any conspicuous changes. 
From experience it has been learned that larvse in this condition are 
usually dead. A generally satisfactory test of life is heat stimulation; 
if still viable the lar\^ae will usually uncoil and move. Even individuals 
with a minimum amount of vitality will move the anterior or posterior 
end very sluggishly. However, the most reliable test of life, or at least 
of their viability from a practical standpoint, is feeding them to experi- 
mental animals and thus determining their ability to reproduce; and 
this has been done in some instances but not so regularly as in experi- 
ments on encysted trichinae. 

DETAILS OF EXPERIMENTS 

Some experiments on the effects of heat on dccapsuled trichinae were 
made by the senior writer in 1913, 1914, and 1915, after which the work 
was taken up by the junior writer and continued along the same general 
lines. 

Experiment i (April 5 and 7, 19^3). — A decapsuled larva was scaled 
under a cover glass in salt solution on a slide and heated to 54° C. on a 
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warm stage. The temperature was held at 54° for a few moments. The 
worm was inactive at this temperature but resumed its movements when 
the slide was cooled. The same worm was reheated to 55° and became 
entirely motionless at this temperature. The temperature was raised 
to 55.5° and the slide then cooled. The worm became active again on 
cooling. 

Another decapsuled larva was heated in the same manner. It became 
sluggish in its movements and coiled up at a temperature of 48° C. The 
temperature was raised slowly to 56°, and the slide was allowed to cool as 
soon as this temperature was attained. The worm resumed its active 
movements when cooled. In order to check the correctness of the tem- 
perature indicated by the thermometer in this experiment, some crystals 
of diphenylamin having a melting point of 54° were placed on a slide 
under a cover glass and heated on the stage. They melted when the 
thermometer registered 54^- A second trial gave the same result. 

On April 7, a decapsuled larva was heated as described above. The 
temperature was raised slowly to 56° C. and then held for five minutes at 
56° to 56.5°. When cooled the worm did not resume its movements, its 
internal structure showed slight disorganization, and it was undoubtedly 
dead. 

HxPERrMi^NT 2 (March 28, 1914). — Decapsuled trichinse, isolated by 
artificial digestion from a mixture of meat from three trichinous rats, 
were heated in a beaker of constantly stirred water over a hot water 
bath to a maximum of 53.6° C., ro minutes being required for the tem- 
perature to rise to this point from 30°. The temperature dropped to 
46.2° in another 10 minutes, after which 233 larvae were examined at 
room temperature. AJl were inactive. Unheated larvae from this lot 
when examined at room temperature were active. Another lot of larvae 
from the same source was heated in the same manner, the temperature 
rising from 20° to 51° in 21 minutes, and then dropping in 6 minutes to 
45.8^. One hundred and thirty-nine larvae were then examined at room 
temperature, and 65 of them were found to be inactive. Of the 74 active 
larvae, all but 2 were sluggish. A third lot of larvae from the same source 
was heated in the same manner from 24° to 50° in 12 minutes, and then 
cooled to 46° in 6 minutes. Out of 159 examined, 18 were inactive. 
Some of the 141 active larvae were sluggish. 

Experiment 3 (May 16, 1914). — Decapsuled larvae, isolated by artifi- 
cial digestion from a mixture of meat from two trichinous rats, were 
heated in a beaker of constantly stirred water over a water bath. The 
temperature was raised from 23® to 48.4® C. in 8 minutes and held at 
48.4® I minute. The beaker was then allowed to cool. One hundred and 
ten larv^ae were examined on a warm stage. Thirty-five were inactive 
and 75 active, mostly very lively. Another lot of larvae from the same 
source was heated in the same manner from 22° to 51® in 10 minutes. 
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Examination of 213 larvae on a warm stage showed 179 inactive and 34 
active, most of them very lively. Another lot was heated from 30° to 5 1 . 9° 
in 10 minutes. Ninety-nine were examined, and of these 93 were inactive 
and 6 active. Another lot was heated from 30® to 53*^ in 4 minutes. 
One hundred and eighteen were examined, and of these 72 were inactive 
and 46 active, sluggish. Another lot was heated from 22° to 53° in 12 
minutes. One hundred and forty-seven were examined, and of these 
109 were inactive and 38 active, sluggish. As a control upon the re- 
sults of this experiment 158 unheated larvae from the same source as those 
subjected to heat were examined on a warm stage. Of these 22 were 
inactive and 136 active. 

Experiment 4 (November 17, i9i4).-“Decapsuled larvae, isolated by 
artificial digestion from the meat of a trichinous hog, were heated in a 
beaker of water over a hot water bath for a period of 10 minutes, during 
which time the temperature gradually increased from 23^^ to 53.4° C. 
The beaker was then cooled. Seventeen of the larvae were examined on 
a warm stage and one was obsei^^ed to move slightly. Fifteen minutes 
later the larv^ae remaining in the beaker were reheated to a temperature of 
53. 6^^ C., seven minutes being required to raise the temperature to this 
point from 38°. Twenty-four larvae were examined after this reheating; one 
exhibited definite movements on a warm stage. The others were more 
or less tightly coiled and presumably still alive. Thirteen minutes later 
the larvae remaining in the beaker were heated a third time, the tem- 
perature being raised rapidly (in 3 minutes) from 43° to 55° Thirty- 
nine larvae were examined ; all were motionless and failed to react to heat, 
evidently dead. 

EXPERIMENT5 (Novemberi/, 1914).— Decapsule d-larv^ai from the same 
source as those used in Experiment 4 were heated in the same manner 
from 1 6° to 54° C. , 7^/2 minutes being required for raising the temperature. 
Twenty-three larvae were examined after heating and all w^ere found to 
remain inactive on a warm stage. The remainder of the larv^ in the 
beaker were left on the laboratory table until the following day when 42 
of them were examined on a warm stage heated to 45^. Most of these 
were inactive but more or less tightly coiled. Thirty-five others were 
placed on a wann stage heated to 61 Six of these exhibited convulsive 
movements before they succumbed to the heat, the others showing no 

response to stimulation. . t 4. j 

Experiment 6 (November 17, i 9 H)- — Decapsuled trichni®, isola e 
by artificial digestion from a mixture of meat from six tnchmous hogs, 
were heated in a beaker of water over a hot water bath to a temperature of 
ss 4° C Some of them showed signs of life when examined on a warm stage. 
The beaker was reheated to 55“. Fifty larvae were then examined on a 
warm stage and all were found to be dead. 

122501^—19 3 



210 


Journal 0} Agricultural Research 


Vol. XVII. No. 5 


Experiment 7 (December 19, 1914). — Decapsuled larvae, isolated by 
artificial digestion from meat of a trichinous hog, were heated in 0.6 per 
cent salt solution in a corked bottle over a water bath. The temperature, 
determined by a thermometer inserted through the cork, rose from 24.4° 
to 56.7° C. in 44 minutes and remained at this maximum for 30 seconds, 
after which the bottle was allovred to cool, the temperature dropping to 
34.4° in 38 minutes. Three hundred and sixty-five of the larvae were 
then examined on a warm stage and all were found to be inactive. As 
a control on the results of this experiment 22 unheated larvae from the 
same source were examined on a warm stage; 4 were inactive, 18 active. 

Experiment 8 (April 6, 1915). — Decapsuled trichinae, isolated by 
artificial digestion from a mixture of meat from six hogs, were kept 7 
days in 0,6 per cent salt solution at ordinary room temperature. Some 
were then heated in a beaker of the salt solution, constantly stirred, over 
a water bath. The temperature rose from 20° to 54® C. in 7 minutes, and 
remained at this maximum for 30 seconds, after which the beaker was 
allowed to cool. Examination of some of the larvae from the beaker 
showed that most of them were more or less uncoiled, but some were 
tightly coiled and practically normal in appearance. The beaker was 
kept until the following day at ordinary room temperature and the con- 
tents again examined. The great majority of the worms were still alive, 
but most of them were not tightly coiled. 

Another lot of larv^ae from the same source was heated in a similar man- 
ner but more slowly, the temperature rising from 23® to 54.8® C. in 56 
minutes, remaining at 54,8° for i minute, after which the beaker w^as 
allowed to cool. Four hundred and seventy larvae were examined; all 
were uncoiled, and tlieir protoplasm was rather dull in appearance. The 
beaker was kept at room temperature until the following day, when 
examination of 200 larvae showed that all were dead. 

Subsequent experiments on the effects of heat on decapsuled larvae 
were performed by the junior writer. 

Experiment 9. — Decapsuled trichinae in a physiological salt solution 
were placed in a test tube and a thermometer immersed in the solution. 
The test tube was placed in a beaker of water, which was heated rapidly 
until the thermometer registered 55® C. This temperature was attained 
in four minutes. The contents of the test tube were immediately trans- 
ferred to a stender dish and allowed to cool. The larvae were then exam- 
ined. Nearly all were unaffected. A few days later this experiment 
was repeated, increasing the time of heating to about eight minutes. 
Similar results were obtained. 
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The results of other experiments with various lots of decapsuled lar\-ie 
are shown in the following table : 


Tabi^E 1.— Effect of various kmperaiures on. dccapsukd tamm 


^laximum tempera- 
ture. 


Time required to reach maxi- 
mum temperature. 




53' 

53' 


54 - • 
54 -- 
54 - ■ 
54-6 
54-8 


55 ' 

55 ' 

55' 

55 - 

55' 

55' 

56 

56. 

56 


^C. 


Not recorded 
50 minutes. . 
Not recorded 

. . .do 

42 minutes. . 
54 minutes. . 
Not recorded 

do 

do 

77 minutes. . 
60 minutes. . 
65 minutes. , 
minutes. . 
Not recorded 
52 minutes. . 
83 minutes. . 


Some alive. 

Nearly all alive 
Some alive. 

Do. 

All dead. 

Do. 

A few showing sluggish movcmenls. 
None active. 

Do. 

All dead. 

All expanded. 

Do. 

All dead. 

Da 

Do. 

Do. 


Experiment 10 . — A 0.6 per cent salt solution was heated to 56*^ C. 
At this point some decapsuled latw-ae were spurted into the solution from 
a capillary pipette. The temperature dropped from ,=56° to 55° in 75 
seconds, and the contents of the vessel were then emptied into a shallow 
dish and examined. Of 25 larvae, 14 were uncoiled and 1 1 tightly coiled. 
The same experiment was repeated. Of 21 larva^, only 3 were com- 
pletely uncoiled. In another test the larvae were spurted into the sdlu- 
tion at 53° after which the temperature was allowed to drop to 54°, 
which required 85 seconds. On examination following transfer to a shal- 
low dish, only 3 out of 18 larvae w^ere found to be completely uncoiled. 

In order to control the results of direct examination of decapsuled 
larvae after heating, the junior writer in two instances fed some of the 
larvae to rats. Thus larvae heated rapidly to 53° C. in Experiment 9 
were fed to two rats, which when killed at the end of a month were found 
to be moderately infected, a result in agreement with the results of direct 
exanxination of the larvae. In another case — one of the experiments 
summarized in Table I — larvae heated gradually for 60 minutes to 55*^ 
were fed to two rats, which were found free from trichinae a month later. 
Another rat fed unheated decapsuled larv^se from the same source became 
infected. 

From the foregoing experiments it is evident that decapsuled trichina 
larvae are killed by a temperature of 55° C., provided. this temperature is 
gradually attained. Many may be killed by lower temperatures, but the 
results of heating to temperatures lower than 33° are uncertain. It is 
also apparent that a momentary exposure to a temperature of 55° is not 
sufficient to destroy the vitality of decapsuled larvae, as is shown by the 
results of Experiments i, 9, and 10. 
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experiments with encysted larv^ 

The experiments on decapsuled larv'se were supplemented by experi- 
ments on encysted larvae in their natural location in pieces of infested 
muscle, the earlier of these experiments being made by the senior writer, 
the later, as noted, by the junior writer. 

Experiment ii (March 31, 1913). — Small pieces of meat from a tri- 
chinous rat were placed in a beaker of water (about 500 cc.) in a constant- 
temperature o\en. The temperature of the water increased from an 
initial temperature of 18.4° to 48.4° C. in i hour and to minutes, at 
which time a piece of the meat was removed. Ten minutes later, when 
another piece was removed, the temperature had reached 51°. Eleven 
minutes after this at a temperature of 32.8® another piece was removed. 
After another period of 15 minutes, when the temperature had reached 
55^^, another piece was removed. Thirty-seven minutes later, when the 
thermometer registered 59.8°, another piece of meat was removed. A 
few larvae were isolated bv dissection from these various pieces of meat 
and examined under the microscope. The larvae from the pieces heated 
to 48.4^ and 51° were alive and active. One out of four larv^ae from the 
piece heated to 52.8^ showed slight movements; the others were inactive. 
Those from the pieces heated to 55° and 59.8° were inactive when exam- 
ined. Tlie results of direct examination of the larvae were checked by 
feeding the various pieces of meat to guinea pigs. The guinea pigs fed 
with the meat which had been heated to 48.4^ and 51° became heavily 
infected; those fed the pieces heated to 52,8°, 55°, and 59.8° remained 
free from trichinae. 

Experiment 12 (April i, 1913).— vSeveral small pieces of rat muscle 
were placed in a vessel containing 500 cc. of water and heated in an 
oven from an initial temperature of 16° to a temperature that reached 
55^ C. at the end of two hours. Pieces of meat were removed at tem- 
peratures of 51.2^, 52,2°, 53°, and 55°. A few larv^se from each piece 
of meat thus removed were isolated and examined directly on a wanu 
stage. Samples from these pieces of meat were also fed to guinea pigs, 
whicli were killed about a month after feeding. The direct examination 
of the Iar\'3e on a wann stage shoAved that, with the exception of those 
from the meat heated to 55°, the majority were alive and responded to 
thermal stimulation. Those heated to 35° were loosely coiled and did 
not become active on the warm stage. 

The results of the feeding experiments were as follows: The guinea pig 
that was fed meat heated to 51.2° C. was killed seven days after feeding 
because it became sick. The muscles were negative, but one pregnant 
female trichina ^vas found in the intestine. The guinea pig that was fed 
meat heated to 52.2^ was killed about live weeks after feeding, and only 
one encysted larva was found in the diaphragm. No parasites were 
fou::c in the intercostal muscles. The guinea pig that was fed meat 



Aug. 15. 1919 Effects of Heat on Tyichince 213 

heated to 53° was killed five weeks after feeding and was free from 
parasites. The meat heated to 55° also failed to infect two guinea pigs. 

Experiment 13 (April i, 1913). — Small pieces of meat from a trichi* 
nous rat were heated as in the previous experiment; but an open flame 
was used instead of an oven and the temperature was allowed to go up 
very rapidly, the water in the beaker meanwhile being stirred con- 
stantly. Meat heated from 27.8° to 53® C. in 33^ minutes was fed to a 
guinea pig and resulted in a mild infection. Meat heated from 27.8*^ to 
52° in 3 minutes and from 20° to 49.2° in 6 minutes when fed to guinea 
pigs produced heavy infections. 

Experiment 14 (April 3 and 4, 1913). — A small piece of meat from a 
trichinous rat was heated in a beaker of water which was constantly 
stirred. The temperature rose from 17° to 33° C. in 13 minutes and 
remained between 53° and 53.6® for 2 minutes. One larva afterwards 
isolated by dissection was inactive except at the anterior end which 
moved slightly; another was active, though the appearance of its proto- 
plasm was somewhat altered. 

Another piece of meat was similarly heated from about 20° to 54° C. in 
about 10 minutes. TarV£E isolated by dissection were alive and active. 
Another piece was similarly heated from 28^ to 53° in 1 1 minutes and 
remained in the water another minute, during which time the tempera- 
ture rose to a maximum of 53.8°. Larvae isolated by dissection were 
alive and active. Two pieces were heated from 28° to 55° in 13 minutes. 
One piece was held at a temperature of 55° for i minute, the other 
piece at the same temperature for 2 minutes. Trichinae isolated by dis- 
section from these pieces were inactive. Another piece of meat from the 
same rat was heated from 30° to 54^ in 5 minutes and held at a tem- 
perature of 34® to 54.8° for I minute. Lar\^8c isolated by dissection were 
found to be inactive. 

Experiment 15 (April 9, 1913).— Small pieces of meat from two 
trichinous rats were tied in a cloth around the bulb of a thermometer, 
which was immersed in a beaker of water and heated. The temperature 
was held at 54.6'^ to 54.8° C. for five minutes. Ten larv^se were after- 
wards isolated by dissection. All were inactive except one, which showed 
a very slight movement of its anterior end. 

Experiment 16 (May 16 and 19, 1914). — Portions of the diaphragm 
of a trichinous rat were heated in a beaker of water stirred constantly 
over a water bath. Trichinae were dissected out of the meat after heating 
and examined under the microscope at room temperature. portion was 
heated from 24^ to 54° C. in four minutes. Four lan ae examined ; i inac- 
tive; 3 active, sluggish. Another portion was heated from 24"^ to 33° in 
6 minutes. Ten larvae examined; all active. Another portion was 
heated from 23° to 54^= in 5 minutes. Twelve larvte examined ; 3 inactive: 
9 active but very sluggish; appearance of protoplasm abnormal. 
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In the following tests portions of the diaphragm of another rat were 
heated. A portion was heated from 24° to 54° C. in 5K minutes. Ten 
lan^ae examined; 9 inactive; i active, very sluggish. A portion was 
heated from 24® to 52° in 4^^ minutes. Ten larvae examined; all active, 
lively. A portion was heated from 24^ to 58° in 3^ minutes. Ten 
larvae examined; ail inactive. A portion was heated from 26° to 53° 
in 3J^ minutes. Fiv’^e larvae examined ; all active but not very lively. 
A portion was heated from 26° to 55° in 4 minutes. Twenty-three 
larv'ae examined; 21 inactive; 2 active, very sluggish. A portion was 
heated from 24° to 52.6° in 9 minutes. Twelve larvae examined; 2 in- 
active; 10 active, but very sluggish ; appearance of protoplasm abnormal. 
A portion was heated from 23‘^to52.9°in2>^ minutes. Eight larvae 
examined; all lively. A portion was heated from 22° to 52° in 3K min- 
utes. Twenty-four larv-ae examined; all lively. 

Experiment 17 (May 20, 1914). — Portions of the diaphragm of a third 
rat were heated as in Experiment 16, but more gradually. Examination 
was made as in Experiment 16. A portion was heated from 26° to 53® C. 
in 12X minutes and cooled to 48.8° in 5 minutes. Sixteen larvae exam- 
ined ; all active, but sluggish ; appearance of protoplasm duller than nor- 
mal. A portion was heated from 23.2° to 52° in 14 minutes and cooled 
to 46® in 7 minutes. Thirteen larvae examined; all active, fairly lively 
but not as vigorous as unheated larvae; no conspicuous change in appear- 
ance of protoplasm; larvae not coiled as tightly as normal larvae. A por- 
tion was heated from 23° to 55° in 16 minutes and cooled to 50® in 5 
minutes. Fifteen larvae examined; all inactive; protoplasm dull and 
dead in appearance. A portion was heated from 37° to 54° in 9 minutes 
and cooled to 49.4° in 6 minutes. Twenty-three larvae examined; all 
active but very sluggish; protoplasm dull and dead in appearance. A 
portion was heated from 27® to 54° in iiX minutes and cooled to 49® 
in 5 minutes. Twenty-four larvae examined; 16 inactive; 8 active but 
very sluggish; protoplasm dull and dead in appearance. 

Experiments on encysted trichinae were made by the junior writer as 
follows : 

Experiment 18. — Small pieces of meat from a rat killed one month 
after infection with trichinae were heated in a physiological salt solution to 
52®, 53®, 54°, and 55® C., respectively, and then allowed to stand in a 
refrigerator for two days. The larvae were then freed from their capsules 
by teasing out the meat, and examined directly. Those heated to 52® 
were still tightly coiled, although a number of loosely coiled larvae were 
also seen. Most of the larvae heated to 53® were uncoiled, but a few 
were coiled normally. Those heated to 54® and 55® were entirely 
uncoiled, dull in appearance, and failed to become active when warmed. 

Experiment 19. — Larger pieces of meat from a trichinous hog were 
heated as in the experiment just described, kept in a refrigerator for 
two days, and then fed to mice. The post-mortem examinations yielded 
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The results obtained from the experiments in which pieces of trichin- 
ous meat were heated agree with the results of those in which the larvae 
were first freed from their cysts by artificial digestion and then heated in 
water or physiological salt solution. The larvae are killed if the meat is 
gradually heated to a temperature of 55*^ C. , though some may escape if 
the temperature rises rapidly to 55° and soon falls again. They may 
survive a temperature of 54®; but meat which has been exposed to a 
temperature of about 53®, gradually attained, is likely to be non- 
infective. 

It may be concluded that meat which has been heated so that the tem- 
perature throughout reaches 55® C. (131® F.) will be innocuous so far as 
concerns the possibility that persons eating such meat will become 
infected with trichinae, inasmuch as under ordinary conditions of cooking 
the rise of temperature will be gradual enough to insure the destruction 
of the parasites if the temperature of the meat actually reaches 55® C. 
or higher. Under the regulations of the Bureau of Animal Industry the 
minimum temperature that must be attained throughout all portions 
of pieces of pork or products containing pork that are cooked in estab- 
lishments operating under federal meat inspection has been fixed 
somewhat higher than 55® C., namely 137® F. (58.33*^ C.), which allows 
a margin of safety of several degrees above the temperature that has 
been shown by our investigations to be fatal to trichinss. 

THE EFFECTS UPON TRICHINAE OF CONTINUED EXPOSURE TO HEAT 
AT TEMPERATURES BELOW THE THERMAL DEATH POINT 

It has been shown that trichina larvae are killed by brief exposure to a 
temperature of 55® C., gradually attained; and since they will not after- 
wards resume their activity when thus heated, this temperature may be 
considered the thermal death point. The vitality of the larvae may be 
destroyed also by exposure to lower temperatures, provided the appli- 
cation of heat is long enough continued. In the former case it may be 
assumed that death results from irreversible coagulations of the proto- 
plasm, in the latter case either as the result of coagulation changes which 
become irreversible if the heat acts for a sufficient period, or as the result 
of exhaustion following excessive activity to which, the larv^ are stirnu- 
lated by heat. We may, therefore, distinguish three ranges of lethal 
temperatures: The highest, in which death comes quickly from rapid 
and irreversible coagulations of the protoplasm; an intermediate range, 
in which death results probably from somewhat similar coagu.ation 
changes, changes, however, from which the parasites may more or less 
completely recover if the temperature is lowered before death occurs; 
and the lowest range, in which death is apparently brought about y 
exhaustion from increased activity. 
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The following experiments to determine the effects of the continued 
exposure of decapsuled larvae to temperatures below 53° C. were carried 
out by the junior writer. The larvse in 0.7 per cent salt solution or in 
Ringer’s solution were first heated to a given temperature and then 
placed in an incubator at the same temperature for a given period. 
When taken out of the incubator the larvse were kept at room tempera* 
ture at least an hour before they were examined. 

Experiment 20. — In one test the larvae were all dead after exposure 
for three hours to a temperature of 48° C., but generally an exposure to 
a temperature of 48° for less then four hours failed to destroy their 
vitality. In every case, however, after they were heated four hours at a 
temperature of 48° they were all uncoiled, having assumed the shape of 
the figure 6; and they failed to react to heat stimulation. 

Experiment 21.— When exposed to a temperature of 49° C. nearly 
one-half the larvae in one lot were still alive at the end of two hours. 
Another lot from a different host animal succumbed to a similar treat- 
ment, but in no case did a briefer exposure to 49® prove effective. When 
subjected to 49° for 3X hours all the larvae became completely uncoiled, 
rigid, and insensitive to thermal stimuli. 

Experiment 22.— At a temperature of 50° to 50.6® C., the vitality of 
the larvae was completely destroyed after an exposure of i hour and 20 
minutes. At a constant temperature of 50° an exposure of iK hours 
proved fatal. 

Experiment 23. — An exposure of one hour to a temperature of 52° C. 
was sufficient to destroy the vitality of decapsuled larvse. 

Erom the foregoing experiments it is evident that decapsuled trichina 
larvse die in a comparatively short time when exposed to temperatures 
in the neighborhood of 50'^ C. and that the time required for their de- 
struction increases as the temperature is lowered. If the results of 
these experiments are considered in connection with the question of the 
length of time that decapsuled larvse survive at temperatures ranging 
below 40°, already discussed in this article, it may be concluded that 
between limits at which the larvae become altogether quiescent because 
of the effects of heat on the one hand and of cold on the other their 
longevity varies inversely with the temperature. It would, however, 
not be safe to conclude from the experiments just described that exposure 
of trichina larvse to the temperatures given for the stated periods of 
time would be sufficient in all cases to destroy the vitality of the para- 
sites. It is not improbable that in these experiments the lar\^se had 
already become somewhat exhausted as a result of abnormal activity 
during the process of artificial digestion, and furthermore it is possible 
that different lots of trichinae vary considerably with respect to their 
store of vitality. The following experiments by the senior writer show 
that the vitality of encysted tncliiuae as well as that of decapsuled 
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trichina may be destroyed by continued heating at temperatures lower 
than that which kills on brief exposure. Like the experiments with 
the decapsuled larvae, however, they are not sufficiently extensive to 
allow definite conclusions to be drawn as to the periods of time necessary 
to insure the destruction of trichinae exposed to temperatures lower than 
the thermal death point. 

Experiment 24 (April 7, 1913). — A small piece of the diaphragm of 
the same rat which supplied the meat used in Experiment 14 was tied 
in a cloth around the bulb of a thermometer, which was immersed in a 
beaker of water heated to about 50*^ C. and the entire apparatus placed 
in a constant- temperature oven. The temperature, as indicated by the 
thermometer, varied from 50.2*^ to 51.6° during the two hours of heating 
the meat. Larvae isolated from the meat by dissection were dead. 

Experiment 25 (April 9, 1913). — Two small pieces of meat from the 
same rat used in Experiments 14 and 24 were tied in cloths around the 
bulbs of two thennometers and heated in a beaker of water as in Experi- 
ment 24. During the experiment the temperature, as indicated by the 
thermometers, varied between 49.6° and 50° C. One piece was removed 
after an hour's exposure. Two larvae isolated from the meat by dissec- 
tion were alive, but rather sluggish. The other piece was removed after 
an exposure of i ^ hours. Two larv^ae were examined, one of which 
was dead, the other alive, but rather sluggish. Two guinea pigs were 
fed with the meat, but neither became infected. Another piece of meat 
from the same rat was similarly heated for one hour at a temperature of 
50.1° to 50.4° C. A larva isolated from the meat after heating was alive 
and active. Another piece was similarly heated for 1)4 hours at 50°. 
Five larvae were isolated from the meat and examined. Four were cer- 
tainly dead, the other inactive, but with protoplasm less changed than 
that of the others. 

Experiment 26 (August 31. i 9M)-— I^inely chopped meat from a 
trichinous rat was placed in water in a flask, which was kept 21 hours in 
an oven maintained at a temperature of 49° to 52° C. The temperature 
of the water during this time varied from 48.8° to 51.4°. Four larva 
dissected out of the meat after heating were dead. The meat was fed 
to two rats, both of which remained free from trichinae. Some finely 
chopped meat from the same rat was heated 2 1 hours in a covered Petri 
dish in the same oven at a temperature of 49"^ to 52''. Five larva dis- 
sected out of the meat after heating were dead. Two rats to which the 
meat was fed remained free from infection. 

Experiment 27 (September 3, 1914)- — Finely chopped meat from a 
trichinous hog was heated in a closed jar in a constant-temperature oven 
for 19 hours. The temperature of the meat during this time varied 
between 47.8° and 48.4“" C. Twenty-five trichina were dissected out of 
the meat alter heating and all found to be dead. 
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Experiment 28 (Septetnber 8, 1914). — The eviscerated carcass of a 
trichinous rat was heated 17 hours in an oven at a temperature of 48° 
to 50° C. On removal from the oven the carcass had a bad odor; the 
upper surface was dried, the lower still moist. Twenty trichina: were 
dissected out of the meat after heating and all found to be dead. Meat 
from the carcass was then fed to two rats, one of which remained free 
from trichinae, while the other was found moderately infected when 
killed three months after feeding. 

Experiment 29 (vSeptember ig, 1914). — Finely chopped meat from a 
trichinous rat was heated 5 hours in an oven at a temperature of 48® to 
49° C. A few trichinae afterward dissected out of the meat were shrunken, 
but their protoplasm was bright in appearance. After being soaked in 
water for 30 minutes some of the larv^se became lively, and 2 days later 
the remainder of the isolated larvae kept in water at room temperature 
had also become active and normal in appearance. Some of the same 
meat was left in the oven until September 21, and thus exposed for 48 
hours to a temperature of 48® to 49° C. It was hard and dry. Trichinae 
isolated from the meat by dissection after it had been softened by soaking 
were very clear, pale, motionless, and apparently dead. 

Additional data regarding the effects of the continued action of tem- 
peratures below the thermal death point were obtained by the junior 
writer. In these experiments, which are summarized in tabular form 
(Table II), the method of procedure was as follows: Meat from trichinous 
hogs was finely chopped by passing it through a meat chopper several 
times. A bottle with a capacity of about 200 cc. was half filled with 
the meat. Through a perforation in the cork a thermometer was inserted 
into the bottle and the top of the cork then paraffined. The bottle of 
meat was placed in a constant-temperature oven and the temperatures 
read on the thermometer in the bottle. 

Inasmuch as the meat before being placed in the ov'^en was kept in a 
refrigerator at a temperature of 8° to 10° C., a coiisiderable period was 
required to bring its temperature near that of the oven. In nearly all 
the experiments shown in Table II the meat was in the oven about 2 
hours before the first reading of the thermometer, given in the table as 
the mimmum temperature, was made. Between the first and the final 
reading there was a slight fluctuation of the temperature hut nearly 
always between the limits recorded in the table. 

At the end of each experiment a portion of the meat was artificially 
digested in the usual way and the condition of the larvae noted. As a 
control on the microscopic findings in each experiment two rats were 
fed portions of the meat, being given an average of about 10 gm. each. 
Unless they died earlier the test animals were killed about a month after 
feeding. The following table gives the record of 10 experiments: 
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Table II . — Effects of continued action of iemperaiuTcs belou.' ihermal death Point cn 
encysted trichina: 


Temperature. 

i 

Period of 
exposure 
to given 
lempera- 
tures. 

Appearance of larvse after artificial digestion. 

Results of feedicfi 
experiments. 

Mini- 

mum. 

Maxi- 

mum. 

“C. 

“C. 

Hours. 



52 

54 

4 

Coiled 

Negative. 

53 

54. 5 

43 'i 

Apparently dead 

Do. 

51 

56 

3:^6 

Profoundly disorganized 

D). 

52 

54 

4 

Showing evidence of having been partially 





digested 

' D>. 

50 

52 

4>2 

Uncoiled ; evidently dead 

Dx 

49 

50 

S 

Apparently dead 

; D.. 

50 

50 

6 

Probably dead 

Do. 

50 

50 


Uncoiled and pale 

' Do. 

52 

5.3 

0 

do 

Do. 

50 

54 - 8 

4 

do 

Do. 


From a practical standpoint the results of the experiments on the 
effects of continuous heating at temperatures below the thermal death 
point of trichinse are of comparatively little importance so far as con- 
cerns the destruction of the vitality of trichinae in fresh pork by cooking. 
Obviously, as compared to cooking at a higher temperature for a short 
time, there would be no advantage in subjecting meat to a lower tem- 
perature, which would require a very great lengthening of the period of 
heating. If for no other reason, the probable spoiling of the meat would 
preclude the use of such a method of destroying the vitality of the 
parasites. In connection with the preparation of certain kinds of cured 
pork products, however, the fact that heating at low temperatures for 
considerable periods of time is destructive to the vitality of trichinae has 
been put to practical use. In this case there is also another factor 
which comes into play— namely, the destructive action of salt in hyper- 
tonic percentages, which increases greatly as the temperature increases. 
The question of the destruction of trichinae in cured pork by heating at 
low' temperatures will be discussed in another paper. 

CONCLUSIONS 

The vitality of the lar\^ae of Tnchimila spiralis is quickly destroyed 
by exposure of the parasites to a temperature of C., gradually 
attained, the result apparently of irreversible coagulation changes in the 
protoplasm. This temperature may be considered the thermal death 

point. ^ o f t f 

Trichina latv'se exposed to temperatures slightly below 55 k. tor short 

periods of time may recover from this exposure; but they die if exposed 
for longer periods, recovery or death depending apparently upon whether 
or not beginning coagulation of the protoplasm has proceeded beyond 
a stage from which a return to normal may occur. 
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Exposed to temperatures in the neighborhood of 50° C., trichina larvae 
die if the application of heat is sufficiently long continued, apparently 
as a result of exhaustion following excessive activity to which they are 
stimulated by the heat. 

The longevity of trichina larvae freed from their cysts by artificial 
digestion and kept at temperatures ranging between limits at which they 
become quiescent from the effects of heat and cold, respectively, varies 
inversely with the temperature. 

Methods of destroying trichinae by heating at temperatures below the 
thermal death point, which may be utilized in connection with the 
preparation of certain kinds of cured pork products, appear not to be 
applicable in the case of fresh pork. 

Upon the basis of the results of experiments recorded in this paper the 
Bureau of Animal Industry has selected a temperature of 137“ F. 
(5^-33° C.) as the minimum temperature to which pork and products 
containing pork are required to be heated when cooked in establishments 
operating under federal meat inspection. ‘ This temperature is several 
degrees above the thermal death point of trichina larvse, thus providing 
a certain margin of safety. 
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EFFECT OF REMOVING THE PULP FROAI CAMPHOR 
SEED ON GERMINATION AND THE SUBSE- 
QUENT GROWTH OF THE SEEDLINGS 


By G. A. Russeul 

Expert, Office of Drug, Poisonous, and Oil Plant In-\)estigaiions , Bureau of Plant In- 
dustry, United States Department of Agriculture 

INTRODUCTION 

Heretofore but slight attention has been paid to the germination of 
camphor seed. The few statements on this subject which occur in the 
literature refer only to the percentage of seeds germinating under condi- 
tions existing at the place of experimentation, and all the recorded 
results indicate a uniformly low germination. Likewise in Florida, pre- 
vious to the experiments recorded in this article, the germination of 
camphor seed has been extremely low. 

In commercial plantings in Florida, in which unpulped seeds have been 
planted with a modified cotton-dropping machine, the average number 
of seedlings brought to transplanting age on i acre of seed bed has 
been approximately 20,000. To plant an acre of seed bed requires 3 
bushels of camphor seed, or approximately 200,000 seeds. The germina- 
tion on a commercial scale, therefore, has averaged only about 10 per 
cent, which corresponds closely with the results obtained in various 
foreign countries. As a consequence of this low germination there has 
been no considerable extension of large plantings because of the limited 
number of seedlings available each year. 

EXPERIMENTS IN 191^17 

In the fall of 1916 it was decided to make germination tests of camphor 
seed to determine if possible the cause or causes of the low germination 
obtained both experimentally and commercially. Accordingly seed was 
gathered from six individual trees growing in the vicinity of Orlando, Fla. 

Seed from one parent tree, A, was selected from a row grown for shade 
and ornamental purposes. This tree was 20 years old and a typical 
representative of the camphor trees in Florida from which seed is gathered 
for commercial planting. The conditions under which the various lots 
of seed were collected and the treatment of each before planting are 
shown in Table I. 
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TABhO r. —' 7 onliiinn and treatment of camphor seed selected for germination tests con- 
dttcied in igi 6 -iy 

PAREXT tree a 


Experimerv.il row N'o, 


Ti-eitmenL of Si;ed just previous to pbuting. 


6 As they came from the parent tree. 

7 Pulp removed, 

f North half . Pulp removed. Soaked in water at 2 5°C. for K hour. 

^South hall Pulp removed. Soaked in water at 5o°C. for K hour. 

13 : Picked up from the ground. Pulp removed. 

14 1 Picked up from the ground as they fell from the parent tree. 

15 As they came from the parent tree. Gathered after a severe 

freeze. 

16 Pulp removed. Gathered after a severe freeze. 

{ North half. As they came from the parent tree. Gathered after a severe 

freeze and soaked in water for 18 hours. 

South half Pulp removed. Gathered after a severe freeze and soaked in 

water for 18 hours. 


The first experiments were conducted in the winter of 1916-17. From 
some previous experience it was found that by removing the pulp from 
around the seed, germination was hastened if not materially increased. 
It was decided, therefore, to give special attention to the effect of removal 
of the pulp from the seed, since if it proved to be a decided aid to germi- 
nation, the adoption of this method of treatment by commercial growers 
would be of distinct advantage. The remainder of the seed from the 
selected trees was pulped and planted. The percentage of germination 
was high, but the results are not recorded here since no data were 
secured on unpulped seed from the same trees. 

The seed bed had been well prepared one week previous to the plant- 
ing of the first seed, and a quantity of dry velvet-bean vines had been 
turned under. Drills from i to 2 inches deep were opened with a hoe 
and the seed carefully hand-planted at intervals of 2 inches. The soil 
was placed back in the drill and very firmly packed. At the time of 
planting the soil was moist and in good condition, but later in the spring 
after the seedlings were several inches high it became necessary to 
water the bed three times in order to maintain the moisture content. 
On May 7 and August i, 1917, the seed bed was fertilized with goat 
manure analyzing: Moisture 20 per cent, ammonia 1.5 per cent, and 
potash (as K^O) 2.5 per cent. One hundred pounds were used at each 
application, which was at the rate of i ton per acre. The seedlings were 
well cared for by cultivating and hoeing. Table II gives the date of 
planting, rate of germination, and total percentage of germination in 
the 1916-17 trial of seed from parent tree A. 
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No germination was secured when the seeds were artificially dried at 
a temperature of approximately 55° C. Seeds that were allowed to air- 
dry for several weeks in an attic likewise failed to germinate. Soaking 
in water at a temperature as high as^o° neither hastened nor impaired 
germination. Pulped seed treated with sulphuric acid of 5 per cent 
concentration by weight failed to germinate. 

At the commercial planting beds so much seed is received in a ferment- 
ing condition that it was deemed advisable to ferment one lot of seed 
during an extended period in order to ascertain the effect on their germi- 
nating power. One thousand seeds fermented for 35 days in a closed 
jar failed to show a single case of germination. At the end of this period 
the pulp surrounding the seeds had almost entirely decomposed and the 
resulting liquid was sufficient to cover practically all the seeds. Ship- 
ments of seed for commercial use, however, are seldom enroute longer 
than from 8 to i o days and do not reach such an advanced stage of decom- 
position. No marked ill effects due to fermentation have been noted in 
the commercial seed beds, which is attributed to the fact that the seed 
pulp has not entirely decomposed and that the liquid is constantly 
leaching from the barrels and boxes in which the seed is shipped, thus 
eliminating any chance for the seed to soak. Moreover, as soon as the 
seeds reach the camphor plantation they are spread out to cool and dry 
and fermentation ceases. 

The results obtained from seed picked up from the ground are of special 
interest, such seed being often used in commercial work. Camphor seeds 
even when quite ripe do not drop readily from the tree; and a large per- 
centage of the seeds which fail early in the season are defective, since the 
fallen unpulped seed showed a germination of only 5.9 per cent as com- 
pared with 9.4 per cent germination of seed picked from the tree. How- 
ever, these defective seeds when pulped showed a germinatiojj of 15.6 
per cent as compared with 60.1 per cent of pulped seed picked from the 
same tree. The seeds picked up from the ground were planted one 
month later than those picked from the tree, but they had fallen during 
the interim. 

The idea that frozen camphor seed will not germinate is widely dis- 
seminated throughout Florida. A special experiment was made with 
seeds obtained after a relatively hard freeze during which the tempera- 
ture fell to 26° F. The results obtained prove beyond doubt that 
camphor seed subjected to a freeze will germinate (fig. i ) . This fact is of 
special value since freezing weather is liable to occur at any time during 
the late fall months in the camphor-seed producing areas, especially in 
those farthest north. The total gennination, however, is decreased, 
being approximately 50 per cent of that obtained with unfrosted seeds. 
A greatly increased germination of the seed is secured by removing the 
pulp before planting. This increase was found to amount to 539 per cent. 
A graphic representation of the increased germination is presented in 



Atig. IS. 1519 


227 


Efjeci oj Removing Pulp from Camphor Seed 


figure I , which shows not only 
the increased germination 
when the pulp is removed 
but the variation in germi- 
nation of seed secured under 
varying conditions. The 
seed planted on December i , 
1916, which was picked from 
parent tree A, was first-class 
in every respect. On Janu- 
ary 6 , 1 9 1 7 , a quantity of seed 
was planted that was picked 
up from the ground under the 
same tree, and on February 
6 frozen seed from this tree 
was secured and planted. In 
every instance the removal 
of the pulp before planting 
greatly increased the germi- 
nation. 

The percentage of germina- 
tion of the seed picked up 
from the ground is much less 
than that of seed picked from 
the tree (fig. 1). This differ- 
ence in gennination was an- 
ticipated and was due in 
great part at least to defec- 
tive seeds which fell from the 
tree, in other words, those 
which are considered as 
" drops. ’ ’ However, even the 
geimination of these ‘'drops’' 
increased by 16.4 per cent 
when the pulp was removed. 
Seed picked from the tree af- 
ter a severe freeze genninated 
remarkably well, especially 
when the pulp was removed. 
By soaking these frozen seeds 
in water at a temperature of 
approximately 25^0. for 18 
hours a rather remarkable 
result was obtained. The 



Fic. I.— Diagraxn showing pircentage of germination of 
camphor seed secured from paieot tree A under varying 
cxfDditions, 
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percentage of germination of impulped seed was reduced, whereas that of 
pulped seed was increased 23 per cent over the germination of the pulped 
seed not soaked. The reduction in germination when the unpulped 
seeds were soaked can not l^e attributed to the direct action of the water 
alone. Since soaking favors a more rapid decomposition of the pulp 
when the seed is placed in the ground, the degree of fermentation reached 
may have been sulhcient to destroy the vitality of some of the seeds. 

In addition to the marked effect on the rapidit}' of germination which 
was noted when the pulp was removed from the seed, it w^as also noted 
that as the planting season advanced germination was more rapid and 
much less time was required to reach the point of maximum germination. 

Tabce hi . — Rapidity of qt'rminalion of camphor seed secured from parent tree .t under 
various conditions 


Experimental row 
No. 

Treatment ul seed. 

Date of 
plantiug, 1 

6 


1916. ! 

Dec. I ; 
Dec. 2 [ 

1 

7 


[NTorthhalf. .. 
10 

[South half. . 

^3 ' 

M 

Pulp removed. Soaked in water at 25^0. for 
^ 2 hour 

Pulp removed. Soaked in Avater at 50° C. for 
^ 1 hour 

i 

, . do 1 

Picked up from the ground. Pulp removed, 
Picked up from the ground. As they fell from 
the tree 

1917. 1 

Jan. 6 1 

i 

.do ■ 

r 

16 

f North half. . . 

[South half. . . 

As they came from the tree. Gathered after 
hard, freeze 

. Feb. 10 / 
. .do. . . : ■ 

1 

. .do ; 

|...do ' 

Pulp removed. Gathered after hard freeze. . . 
As they came from the tree. Gathered after 1 
severe freeze and soaked in water 18 hours. 
Pulp removed. Gathered after severe freeze 
and soaked in water i8 hours 


Days 
required 
to reach 
maximum 
germina- 
tion. 


i6r 

120 


109 

log 

84 

98 

89 

49 

89 

64 


Three special points of interest are brought out in Table III: First, 
the time for camphor seed to reach maximum germination; second, the 
shortening of this time by removing the pulp before planting; and third, 
the decrease in time required for the, seed to germinate as the season 
advances. These points are more fully illustrated in the graph showing 
the time required for camphor seed to reach maximum germination 
(fig. 2). In every trial the pulped seed germinated much more quickly 
than the unpulped seed, irrespective of the condition at the time of 
gathering. As the season advanced and the soil warmed up, germina- 
tion naturally took place in a shorter time. But what is of more interest 
from the commercial point of view is the fact that seed gathered and 
{)lauted early in the fall will remain in the ground in good condition 



Aug. IS. 1915) 


Effect of Remomn-g Pulp from Camphor Seed 


229 



Oatre of p/onting 








Aug. 15, I9'‘9 


Effect of Removing Pulp from Camphor Seed 


231 


until favorable germinating weather is reached. Figure 3 shows graphic- 
ally the time required to reach maximum germination and the per- 
centage of germination of seed secured from parent tree A at various 
times and under various conditions. The maximum germination of all 
pulped seed was reached by April i, 1917, although the time of planting 
extended over the period from December 2, 1916, to February 10, 1917; 
whereas the maximum germination of the unpulped seed occurred about 
May 10, 1917, the planting period extending over the same period of 
time as that of the pulped seed. 

The results of the germination experiments of 1916-17 were so pro- 
nounced in favor of removal of the pulp from the camphor seed that the 
work for 1917-18 was planned to include a more extended comparison 
between pulped and unpulped seed. 

EXPERIMENTS IN 1917-18 

During the first week of November, 1917, a seed bed was prepared on 
soil practically identical with that employed in the experiments of 1916- 
17. A quantity of fertilizer made by composting rose-geranium leaves 
and stalks— after distilling the volatile oil— was turned under at the 
time the seed bed was plowed. This fertilizer material consisted only 
of leaves and stalks and, being somewhat intact at the time of applica- 
tion, had a tendency to keep the soil from packing, at the same time 
supplying some plant food as it decomposed. At the time of planting 
the soil was moist, and no subsequent watering of the bed was necessary 
throughout the time of the experiments. No fertilizer was applied 
during the growing season. The plants were given the usual cultivation 
and hoeing. Commercial conditions, with the exception of the applica- 
tion of fertilizer, were approximated as closely as possible. 

Seed was selected from a row of ornamental camphor trees, and trees 
were chosen which bore an abundance of fruit. Camphor seed which 
ripens on the tree falls readily into the hand when picked. All the seeds 
used in these experiments were fully ripened and easily secured by picking, 
care being taken to secure seed from all sides of the tree. Each sample 
therefore was representative of the entire yield of the individual tree. 
All the seeds were gathered on November 27, i9i7» planted Novem- 
ber 28, 1917. A severe freeze occurred February 2, 1918, but as none 
of the 'seedlings had appeared above ground no damage was done. In 
Table IV are given data in reference to the treatment of the seed, rapidity 
of germination, and percentage of total germination. 
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Table IV . — Rale and percentage of germination of camphor seed in the experiments of 


parent 

tree. 


Rapidity and percentage of germinatioa. 


i/North half.. 
ISouth half. . 

i North half . 
South half. , 
North half. 
South half. . 

i North half . 
South half, , 
North half.. 
South half. , 
J’North half. , 
"i South half. . 
J^North half. 
^ South half. . 
o/Northhalf, 
nSoulhhalf., 
/North half, 
^ISouth half. . 
/North half. 
South half,, 


Treatment of _ 
seeds planted. ; 5 g 


None 

Pulp removed... 
Pulp removed... 

None 

None 

Ptilp removed,.. 
Pulp removed... 

None 

None 

Pulp removed,. , 
Pulp removed, 

None, 

None 

Pulp removed.. . 
Pulp removed,. 

None 

None 

Pulp removed , . 
Pulp removed, . 
None 



77. 

July 6, 

Dec 

30. 

Tota 

Per 

cL 

No. 

Per 

a. 

No. 

Per 

ct. 

Per 

a 

3-0 

ig 

3.0 

18 

3.0 

3-0 

77-0 

732 

77.0 

232 

77 - 077.0 

« 4 - S 

317 

84- 5 

317 

84- 5 ; 36 . 6 

23-4 

101 

2C. 2 

iOI 

20 . 273.4 

11* 0 

55 

tl-O 

55 

11. 0:11.0 

6j. 0 

259 

51-8 

259 

51.8 

75 - 0 

73 ‘< 

377 

75-4 

377 

75- 4 75-4 

16. 0 


13-8 

f >9 

13. 8 16.0 

16.0 

63 

12. 6 

63 

12. 6' 16. 0 

1 65. 2 

310 

62. 0 

310 

62.0 

65- 2 

76 4 

442 

88.4 

442 

38 . 4 89. 6 

16. 3 

63 

12. 

63 

12* 2 

16.2 

: 7 >o 

33 

6.6 

33 

6.6 

7-0 

72.4 

373 

74-6 

373 

74 - 6 74. 6 

1 63. 2 

349 69 - 9 

349 

69. 8 73. 8 

1 8.6 

31 

5-2 

31 

5-2 

8.6 

; 8-6 

37 

7-4 

37 

7-4 

8-6 

; 7 .'>- 0 

1 382176-4 

382 

76. 4 80. 8 

1 70,4 

1 418:83.6 

418 

S3. 6 95- 4 

> 8 .C 

36 

1 7-2 

36 


8.0 


In this trial the seeds from a total of lo individual trees were tested. 
The results obtained by merely pulping the seed before planting were 
so favorable that eommercial planters adopted the pulping plan when 
its merits were brought to their attention. In commercial work the 
pulp is removed by rubbing the seeds through a wire screen of the proper 
mesh. Many of the pulps are left behind and are swept off the screen. 
Those that fall through with the seed cause no inconvenience in plant- 
ing, for the seed is spread to dry for about 24 to 48 hours; and during 
this time the pulps dry and shrink to such an extent that they readily 
pass through the plates of the corn planter which is now used to plant 
the pulped seed. Unless the seed is dried before planting the plates 
of the planter become clogged, causing an uneven distribution of the 
seeds in the row, 

TOTAI, GERMINATION OF CAMPHOR SEED 

The greatly increased germination obtained when the seed is pulped 
is remarkable. Figure 4 shows graphically the total germination of 
both the pulped and unpulped seed from 10 parent trees. The increased 
germination of the pulped over the unpulped seed ranged from 270 per 
cent for tree B to 2,466 per cent for tree A, the average increase for the 
entire lot of 10 trees being approximately 525 per cent. 

Germination was found to be uneven wdth seed from various parent 
trees. Moreover, the ratio between the percentage of germination 
of the unpulped and the pulped seed w^as by no means constant; and no 
correlation can be established between the percentage of germination 
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when the seed is pulped and when it is not. The variation in germina- 
tion of 10 individual lots of seeds from as many parent trees is shown 
graphically in figure 5. The upper line in each case indicates the germina- 
tion of pulped seed, the lower line the germination of unpulped seed. 
Under period of growth, a indicates the date of planting, November 28, 
1917. The percentage of seeds germinating was determined by counting 
the number of seedlings in the beds at stated times, indicated in the 
figure as follows : b — February 1 1 , 1918; c~ February 23 , 1918; d = 




c ^ ^ ^ o ^ 

rRC€ NUMBER 

Fig. 4,-riagrani showtas peicaitaee of totol ecrmtaation of pulped aud unpulped c^nirtor sc«i from 
10 parent trees. Black bars represent pulped seed; wbitc bars, unpulped seed. 


; 9 = December 1, 
It will be noted 


March i8, 1918; e = April 27, 1918; /=July 6, 1918; 

1918, on which date the seedlings were transplanted, 
that the pulped seed germinated in much shorter time than the un- 
pulped seed and that after the appearance of the first seedlings the 
major portion of the gennination took place in a relatively short time. 
The apparent falling off in the germination of the pulped seed, as indi- 
cated in the graphs (fig. 5). is due to the effect of the hot sun on the 
tender seedlings. A large number of the seedlings were burned off at 
the ground level soon after they pushed up through the hot sand, and 
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as a result many of those represented in the count of one day had dis- 
appeared by the time of the next count. Likewise some of the seed 
that germinated never entered into the calculations, the seedlings being 
lost to observation between counts. 



Two of the parent trees, A and D, show no apparent falling off in the 
curve of germination for pulped seed; and parent trees A and C show 
likewise no apparent failing off for unpulped seed. Careful observ^ation 
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has shown that the burning off of the young seedlings occurred to a 
greater or less degree throughout all the late winter and early spring 
and that the burning off was by no means uniform in all the experimental 
rows. It appears, therefore, that the cur\"es given in figure 5 are not the 
true curves of germination, but rather the curves of count. However, 
the true curve of germination follows closely the curv^e of count with 
some striking exceptions. As the season advanced a large number of 
seeds germinated within a short period of time, and as the heat of the sun 
became more intense a large number of seedlings were burned off. In 
the case of eight of the trees the burning off of the seedlings between 
counts reached a point where it included practically all the younger 
seedlings just pushing up through the ground as well as some of the 
more tender seedlings of the count previously recorded. Consequently 
a drop occurred in the cur\^e, which shows as an apparent decrease in the 
percentage of germination. This explanation is further supported by 
the fact that somewhat later in the spring, during more favorable weather 
conditions, germination of more of the seed took place, as shown in Table 
IV, which caused a rise in the curv^e of count, especially noticeable in the 
curves for trees G, K, and P (fig. 5). 

In the case of parent tree A, no apparent falling off in the germination 
of camphor seed is recorded in either the pulped or unpulped seeds; in 
tree C no apparent falling off is recorded for the unpulped seed; and in 
tree D no apparent falling off is recorded for the pulped seed. In the 
case of these trees, A, C, and D, the burning off of the young seedlings 
which occurred between obser\^ations never reached a stage where the 
total number of seedlings burned off was large enough to cause a decrease 
to show in the count. For this reason the curve of count for trees A, 
C, and D, as indicated in figure 5. probably closely coincides with the 
true curve of germination for the seed from these trees. 

CAMPHOR SEEDLINGS BROUGHT TO TRANSPLANTING SIZE 

Of more economic importance than the number of seed that germinate 
is the number of seedling camphor trees which can be brought to trans- 
planting size. Out of 4,800 seeds planted as they came from the tree 
only 508 seedlings reached a sufficient size for transplanting, whereas 
from 4,675 seed planted after pulping 3,499 such seedlings were secured. 
The increase therefore in the percentage of seedlings of transplanting 
size from the pulped seed over those from the unpulped seed amounted 
to approximately 600 per cent. 

The loss of seedlings due to the burning off by the hot sun is relatively 
large and has a marked influence on the percentage of seedlings secured. 
In this experiment 1 4.5 per cent of the total number of seedlings obtained 
from the unpulped seed and 5.5 per cent of the seedlings from the pulped 
seed were burned off. However, the total loss of seedlings from pulped 
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seed is much less than from uripulped seed, and this lower percentage 
is due to the advanced growth obtained by the seedlings before the 
extreme hot weather commenced. 

In Plate 20 is shown a nursery bed of camphor seedlings just previous 
to transplanting on December 1, 1918, In this bed the pulped and the 
unpulped seed were planted in alternate rows. The small seedlings from 
the unpulped seed are almost obscured by the alternate rows of large 
seedlings which were obtained from the pulped seed. 

At the time of transplanting, the seedlings had reached the compara- 
tive size shown in Plate 21 A. In all instances the pulped seed had pro- 
duced hardier and more vigorous seedlings, which, when trimmed and 
cut back as shown in Plate 21 B, were in a better condition to withstand 
the shock of transplanting. The superior growth of the seedlings from 
pulped seed was so marked that measurements were taken of 258 seed- 
lings of this lot and compared with measurements taken of the same 
number of seedlings that came from unpulped seed. The results are 
given in Table V. 


TabcE y, — -Average groivih aitained by camphor seedlings during the growing period 
between germination of the seed and transplanting of the seedlings 


j 

Kujiiber of 

Average growth. 

Treatment of seed. 

seedlings 

rnoasurcii. 

Length of | 
: stem, j 

Lon gt h of 
taproot. 

niamelcr 
of crown . 

pTiIp removed 

Pulp not removed 

i 

1 258 

1 .58 

Inches. 

13. 0 
II. 0 

Inches. 
17. 7 
15-3 

Inches. 

<^■473 

.320 


If the growth of seedlings from seed on which the pulp remained is 
considered as 100 per cent, then the increased growth in the seedlings 
from the pulped seed is: For length of stem, 18.1 per cent; for length of 
taproot, 15.6 per cent; and for diameter of crown, 47.8 per cent. The 
latter vigorous growth is of special interest from the commercial point of 
view, since the loss from transplanting is much less with roots of large 
diameter than it is with small roots, w^hich are more easily dried out 
during the period that elapses between the removal of the seedlings from 
the seed bed and the date of the beginning of growth the following 
growing season. The increased growth of the seedlings is brought about 
directly by pulping the seed, since it insures a more rapid germination and 
gives the plant an early start in the spring and consequently a much 
longer growing season. The increased growth and vigor reduce to a 
very low figure the loss through transplanting. 
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SUMMARY AND CONCLUSIONS 

In the season of 1916-17 camphor seeds were planted under various 
conditions. The experiment was repeated in the season of 1917-18 and 
commercial conditions were closely approximated. 

Removing the pulp from the seed was found to hasten germination bv 
an average of two weeks; it also gave an increase in germination of 
approximately 525 per cent over that of unpulpcd seed. 

Drying the seed with artificial heat at 55° C. destroyed all vitality. 

Soaking the seed in water apparently did not hasten germination; 
neither did it increase the percentage of seed that germinated. 

Soaking the seed in sulphuric acid of 5 per cent by weight destroyed 
all vitality. 

Allowing the seed to ferment and the pulp to decompose in a closed 
vessel destroyed all vitality. 

Seed picked up from the ground showed less vitality than those 
picked from the tree, but removal of the pulp increased and hastened 
germination. 

A freeze on three successive nights, during which the temperature 
fell to 26° F., did not destroy the vitality of all the seed; it did, however, 
impair the vitality and reduce the number of seeds that germinated by 
approximately 50 per cent. 

Seeds planted early in the winter required a longer time to germinate 
than those planted in midwinter. The former averaged more sturdy 
trees. 

When the pulp was removed and the germination of the seed thus 
hastened, a larger and more sturdy seedling tree was obtained for trans- 
planting than when the pulp was not removed. The increase in the 
number of seedlings of transplanting size secured by pulping the seed 
amounted approximately to 600 per cent. 

From a commercial point of view, removal of the pulp is desirable 
even though the labor must all be done by hand. The increased germi- 
nation and the welbdeveloped trees that result will repay many times 
the cost of the labor involved. 

It is believed that in commercial plantings the removal of the palp 
from the seeds will increase the percentage of germination by at least 
200 per cent, thus producing 40,000 more seedling trees to each acre of 
seed bed. This estimate is believed to be very conservative, and even a 
much greater increase may be expected. 



PLATE 20 


A camphor seed bed, showing the growth of seedlings from pulped and unpulped 
camphor seed planted in alternate rows. The seedlings growing from pulped seed 
have been cut away on one side in order to expose the seedlings growing from un- 
pulped seed, which are otherwise almost completely covered by the luxuriant growth 
of the former. 
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PLATK 21 

A. — Camphor seedlings at the time of transplanting, The tree on the left is a 
representative produced frcjpi pulped camphor seed ; the one on the right is a repre- 
sentative produced from unpulped camphor seed. Tioth seedlings are from seed of 
the same parent tree and both are of the same age from planting of the seed. 

B. — Camphor seedlings cut back and trimmed ready for transplanting. These 
seedlings are the same as those shown in A. The one on the right is from pulped seed. 




BACTERIUM ABORTUS INFECTION OF BULLS 

[PREUMINARY REPORT) 

By J. M, Buck, G. T. Creech, and H. H. Badson, Pathological Division, Bureau ^ 
A nimal / ndustry, United StaUs Department of Agriculture 

Numerous investigators have called attention to the fact that Bacierium 
Orbovius agglutinins and complement-fixing bodies can frec^uently be dem- 
onstrated in the blood serum of bulls from abortion-infected herds. Such 
animals in consequence have frequently been referred to as being sys- 
temically infected. While the presence of these bodies constitutes strong 
evidence that abortion infection exists, or has been present, success has 
been reported in associating positive reactions with the causative infec- 
tion in so few instances as to have resulted in a certain amount of specu- 
lation regarding the significance of these reactions in male animals. 

Literature, it is true, records no great amount of investigative work 
in connection with bulls suspected of being infected with abortion disease 
where the object has been the isolation of the causative microorganism 
from the organs or tissues of the animals or the demonstration of lesions 
associated therewith. 

Schroeder and Cotton ^ in investigating this problem describe two cases 
that came under their observation. They state that one of the bulls at 
the time of autopsy showed the presence of an abscess involving the 
epididymis of one testicle from which Bact, abortus was isolated. The 
other animal was permitted to serve a cow that was considered to be 
free from abortion disease. Seminal fluid which was recovered from the 
vagina immediately following the service and injected into numerous 
guinea pigs produced Bad. abortus lesions in one of the experimental 
animals. 

Rettger and White ^ describe endeavors to associate the presence of 
the infection with positive serum reactions in three cases which they 
studied. In two of the animals neither abortus infection nor pathological 
changes could be demonstrated. In the third they call attention to the 
finding of two abscesses or cysts in the region of the groin, near the 
point of attachment of the scrotum; but from these abscesses they were 
unable to isolate the abortion organism, thus failing to obtain bacterio- 
logical evidence of the infection. 

In view of the positive bacteriological findings of Schroeder and Cotton 
the present writers were prompted to undertake further investigations, 

^ ScHROHDBR, E. C., and Cotton, W. E. some facts about abortion disease. In Jour. Agr. Re- 
search, v. 9, no, i, p. 9-16. 1917. 

* Rettger, E. F., and White, G. C. infectious abortion in rATTi,E. Cone. Storrs Agr. Exp. SLa. 
Bui. 93, p. 199-249. 1918- References, p. 246. 
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involving a considerable number of animals, in an endeavor to ascertain 
with what frequency abortus infection could be demonstrated in the 
generative organs of bulls giving positive or suspicious reactions to the 
agglutination test for this disease, and to determine whether or not 
pathological changes are commonly associated with such infection. 

EXPERIMKNTAb PROCEDURE 

The procedure employed by the writers consisted in securing blood 
samples from the animals as they arrived at one of the abattoirs in close 
proximity to Washington, D. C., for slaughter. No information was 
available regarding the original source of the bulls or the exposure sus- 
tained. Each sample was given a number corresponding to the serial 
number of a tag that was attached to the animal’s ear at the time of 
bleeding. The blood samples were then taken to the laboratory for the 
application of the agglutination test. At the time of slaughter, which 
was usually the following day, those animals giving positive or suspicious 
reactions were autopsied as carefully as abattoir conditions permitted 
and the organs of the genital system were secured for further study. Cul- 
tural work was depended upon as a means of detecting infection, the 
medium employed consisting of 3 per cent glycerin infusion agar to which 
approximately 5 per cent sterile blood serum was added. To reduce 
the oxygen tension the inoculated tubes were subjected to incubator 
temperature in closed jars in the presence of fresh cultures of Bacillus 
subtUis, 

During the period from December 9, 1916, to July 7, 1918, the agglu- 
tination test for abortion disease was applied to 325 mature bulls. Of 
this number 288 gave negative results to the test. The manner in which 
the remaining 37 reacted is of considerable interest, inasmuch as the 
intensity of the reactions appeared to bear some relation to the cultural 
results. 

The manner of applying the test consisted in the making of a i to 10 
basic dilution of the blood serum. To the four tubes utilized for each 
case were added 0.4, 0.2, o.i and 0.05 cc. of this basic dilution. The 
amount of test fluid added to each tube was i cc. 

The vesiculae seminales, vasa deferentia, testes, and epidid)miides 
were secured from the 37 bulls whose blood serum showed the pres- 
ence of Bact. abortus agglutinins. From 15 to 20 tubes of medium 
were utilized for culturing the various organs from each bulL These 
investigations resulted in the demonstration of the presence of BacL 
abortus infection in four animals — No. 88, 98, 136, and 409 — and in the 
detection of marked lesions in bulls 98 and 409. 

A brief description of the work performed and the findings in these 
cases follow. 
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The agglutination reactions of the animals appear in the following 
table. 

Table I . — Results of agglutitiaiion tests 


Animal No. 

Suspected serum. || 

0.04 cc. 

0.02 cc. ; 

0.01 cc. ■ 

>.OOS cc. 

21 

SI 

SI 

_ 

_ 

84 

+ 

SI 

- 

- 

86 

SI 

SI 

— 

— 

88 

“1" 

■f 

+ 

SI 

8g 

St 

SI 

— 

— 

98 

+ 

+ 

4 - 

SI 

103 

4 - 

+ 

+ 

+ 

305 

+ 

SI 

— 

— 

109 

+ 

SI 

— 

— 

133 

j- 

T 

+ 

+ 

134 

S 1 

SI 

SI 

— 

136 

+ 

+ 

+ 

SI 

137 

-f 

+ 

St 

SI 

343 

SI 

— 

— 


146 

+ 

SI 

— 


147 

SI 

— 

— 

— 

i 5<5 

+ 

-f 

SI 

— 

154 

SI 

SI 

— 

— 

165 

SI 

SI 




168. 

177. 

178. 

179. 


198. . 
265. 
271. 
280. 
301. 

319- 

326. 

338- 

34S- 

409. 

451- 

453 ' 
454 - ■ 


Suspected scrum. 


0.04 cc. 

0.0a CC- 

O.OI cc.l 

3.005 '•'C- 

+ 

SI 

SI 

_ 

SI 

— 

— 

— 

+ 

SI 

— 

— 

SI 

St 

— 

— 

+ 

St 

— 

— 

4 - 

+ 

St 

— 

+ 

SI 



+ 

+ 

SI 


F 

SI 

— 

- 

SI 

St 

— 

— 

+ 

SI 

— 

— 

+ 

F 

SI 

— 

- SI 

SI 

— 

— 

SI 

_ 

— 

— ■ 

+ 

+ 

F 

F 

4 - 

+ 


— 

+ 

SI 

SI 

— 

+ 

F 

SI 



+= Complete agglutination. 

— s»No agglutination. 

Sl=> Partial clumping of bacteria. 

EXAMINATION AND FINDINGS OF DUDD 88 

February 12, 1918. Agglutination test: 0.04 cc. + , 0.02 cc.+ , o.oi 
CC. + , 0.005 cc. SI. 

February 14, 1918. vSlaughtered. 

Macroscopic examination.— Fluid of left seminal vesicle turbid m 
appearance and slightly more excessive in amount Ilian that contained 
bv other organ. No indication of abnormal conditions noted clsewliere. 

'B.tCTERiotOGiCAL FiNDlNGS.^f the i6 tubes of medium inoculated 
from the various organs enumerated, after four days’ incubation three 
tubes developed from 40 to 60 colonies of an organism suggestive of 
Bad. abortus and subsequently identified as such. Ihese inoculations 
v/ere from tlie left seminal vesicle. 

examination and findings of bule 9S 

March 8, 1918. Agglutination test; 0.04 cc. + , 0.02 cc. + , o.oi cc. + , 
0.005 CC. SI. 

March q, iqi 8. Slaughtered. • i j 

Macroscopic examination.— ]\Iarked pathologica c anges 
the left seminal vesicle. The organ was increased from 8 to 10 times 
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its normal size. On cross section of the vesicle numerous hemorrhagic 
areas were observed, as well as a number of necrotic centers, the latter 
being confined chiefly to the more central portions of the organ. So 
softened were some of these foci that the necrotic material assumed 
a semifluid character. The capsule of the organ showed considerable 
thickening. (See PI, 22.) 

Histological examination. — Sections from the left seminal vesicle 
showed varying stages of the diseased process, ranging from exfoliation 
of the epithelial lining of a few of the acini to complete obliteration 
of the normal glandular structure. There was marked proliferation of 
the interstitial tissue with round cell infiltration, which was more pro- 
nounced immediately surrounding the acini and just beneath the 
epithelial lining of the acini. In those areas exhibiting the more pro- 
nounced pathological changes many of the acini were filled with detached 
epithelial cells and cell debris. In other areas where the mere outline 
of the acini could be traced, a homogeneous substance was present, 
together with more or less granular detritus. There were hemorrhages 
into and between the acini. Occasionally large areas of degeneration 
and necrosis were observed. As a result of the inflammatory changes 
little normal glandular structure was recognized in many ot the sections 
examined (PI, 24, A and B). Plate 23 A, representing a normal seminal 
vesicle, is inserted for comparison with Plate 23 B, and Plate 24, A 
and B. 

Bacteriological eindings. — Eighteen tubes of medium were utilized 
for the culturing of the different organs. The six tubes from the left semi- 
nal vesicle after three days’ incubation developed from 75 to 150 colonies 
of an organism that appeared typical of Bact. abortus. All tubes inocu- 
lated from other sources remained sterile, although incubated for several 
additional days. Subsequent work with the organism isolated estab- 
lished its identity as Bad. abortus and indicated that pure cultures of the 
organism were isolated in all instances. 

examination and findings of bull 136 

May 15, 1918. Agglutination test: 0.04 cc. + , 0.02 cc.-f, o.oi cc.-h, 
0.005 cc. SI. 

May 16, 1918. Slaughtered. 

Macroscopic examination. — The right seminal vesicle showed slight 
enlargement. The fluid contained by this organ presented a turbid 
appearance. No lesions were elsewhere detected. 

Bacteriological findings. — Pive of the 18 tubes of medium inocu- 
lated from the different organs developed from 40 to 60 colonies of an 
organism that was subsequently identified as Bad. abortus. These inoc- 
ulations were from the right seminal vesicle. 
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EXAMINATION AND FINDINGS OF BULE 409 

August 15, 1918. Agglutination test : 0.04 cc. + , 0.02 cc. + , o.oi cc. + , 
0.005 CC.+ . 

August 16, 1918. Slaughtered. 

Macroscopic examination. — Left seminal vesicle showed evidence of 
disease. This organ was approximately twice the size of the right and 
was incised with considerable difficulty on account of fibrous tissue pro- 
liferation, The fluid contained was decidedly turbid. Other organs 
presented a normal appearance. 

Microscopic examination. — Sections from the left seminal vesicle 
showed marked proliferation of the interstitial tissue with areas of round- 
cell infiltration. Degeneration and exfoliation of the epithelial cells lining 
the acini were observed. A few of the acini contained cells and cell 
detritus; others had been completely obliterated as a result of the inflam- 
matory process. (See PI. 23 B.) 

Bacteriological findings.— Two of the 20 tubes of medium that were 
inoculated from the various organs developed colonies typical of Bact, 
abortus. The colonies were few in number and appeared on but 2 of 5 
tubes that were sown with material from near the same point. These 
tubes were from the left seminal vesicle. All tubes inoculated from 
other sources remained sterile. The infection was subsequently estab- 
lished as Bact. abortus. * 

It has been previously suggested that the intensity of the serum reac- 
tions appeared to bear some relation to the cultural results. Of the 37 
bulls exhibiting agglutinating properties for a Bact. ahorius suspension, 
the blood serum of but 7 caused perfect agglutination of a suspension 
with 0.01 cc. of the serum. It may be observed that 4 of these 7 animals 
yielded positive cultural results and that in no instance was the presence 
of the infection demonstrated in animals when their blood serum failed 
to cause perfect agglutination with such an amount of serum. 

examination and findings of guernsey bull 

Since the isolation of Bact. abortus infection from the cases previously 
described, the writers have had an opportunity to demonstrate the 
presence of the infection and observ^e lesions in a fifth bull where the 
isolation of abortion bacteria vras carried out under different conditions 
and where it was possible to obtain a somewhat more complete history 
in regard to the development of the pathological changes that were 
associated with the infection. 

This pure-bred Guernsey, 8 years of age, was acquired by the present 
owner in June, 1918, and appeared at the time to be in perfect physical 
condition. 

The writers were informed that during the following January an asym- 
metrical enlargement of the scrotum was noted. Mechanical injury was 
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suspected which had prompted the application of fomentations and 
counterirritants. When the condition failed to respond to this treatment 
and an area of softening that appeared to involve the left testicle was later 
detected, a canula had been introduced through which had been evacuated 
a considerable quantity of a semifluid material. It was furthermore 
stated that the animal had at times discharged through the urethra a 
substance bearing some resemblance to that removed by the surgical 
procedure. 

On April 22, 1919, about three months after the swelling was first 
observed, a sample of blood was secured for the application of the aggluti- 
nation test for abortion disease. The specimen caused clumping of a 
Bact. abortus suspension with 0.0001 cc. of the serum. 

When the animal was examined on the following day with the object 
of obtaining material for bacteriological work, the enlargement involving 
the left testicle was found to be four or five times the size of the normal 
organ. When a needle was passed into its lateral wall, little resistance 
was encountered after the instrument had been inserted for about 
inches. Through the needle were aspirated from 400 to 500 cc. of a gray- 
colored substance of the consistence of heavy cream. At the same time 
from 20 to 30 cc. of a turbid fluid were obtained from the urethral opening. 
This material was secured by exerting pressure on the urethra and by 
massaging the seminal vesicles through the walls of the rectum. During 
this procedure it was detected that the seminal vesicles differed markedly 
in size, enlargement of the right organ being pronounced. 

Cui^TURAi^ RESULTS. — Eight tubes of serum agar were inoculated with 
the semifluid substance aspirated from the interior of the enlargement in- 
volving the diseased testicle. Numerous dilutions were made of the fluid 
recovered from the urethra with physiological salt solution, and serum- 
agar tubes were sown with these dilutions. When the tubes were exam- 
ined after six days’ incubation one colony of abortuslike appearance was 
observed on one of the tubes from the substance obtained by aspiration. 
The infection was later established as Bact. abortus. Further inoculations 
of medium with like material resulted in the isolation of additional 
abortus colonies, althougli fewer in number than were anticipated from 
the extent of the lesions. No Bact. abortus was isolated by cultural 
methods from the material secured from the urethra, but excessive 
contamination made these results inconclusive. 

On May 9, or about two weeks after tlie condition was diagnosed as 
abortus infection, an opportunity was afforded for the making of a more 
thorough examination of the diseased process involving the external 
genitals and for further bacteriological work, for the affected testicle with 
its coverings were at this time removed and forwarded to tlie Patholog- 
ical Division. 
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The weight of the mass of tissue was 5^^ pounds. On section it was 
found to consist of an outer wall or capsule of from i>2 to 2 inches in 
thickness. This abnormal structure had evidently resulted from pro- 
liferative changes involving mainly the connective tissue coverings of 
the testicle. Firmly embedded in this external layer could be distin- 
guished areas of tissue that upon microscopic examination were identified 
as epididymis that had undergone severe inflammatory changes. The 
cavity formed by this dense fibrous wall contained a considerable quantity 
of a grayish-colored, semifluid material identical with the substance pre- 
viously obtained by aspiration. Floating free in the cavity was also a 
mass of tissue that was recognized as the remains of the testicle, it having 
the same general form although somewhat reduced in size. Blood vessels 
no longer communicated with the organ, and the serous membranes 
which normally envelop it had seemingly been entirely obliterated. The 
close resemblance existing between the semifluid substance and softened 
portions of the testicle strongly indicated that the organ was undergoing 
liquefaction necrosis. 

Microscopic examination —The thick wall surrounding the testicle 
consisted largely of dense fibrous tissue with a certain amount of round- 
cell infiltration. Different portions of the epididymis which were em- 
bedded in this mass showed extensive interstitial proliferation, which had 
resulted in a wide separation of the tubules. Chronic inflammatory 
changes were noted in sections from the testicle proper. Many tubules 
were surrounded by zones of round-cell infiltration. There was exfolia- 
tion and more or less disintegration of the epithelium lining the tubules, 
causing the latter to be largely occupied by cell debris. Advanced 
degenerative changes, verging on necrosis, were observed in all the sec- 
tions examined, the peripheral portion of the organ exhibiting little more 
than a mere outline of the testicle structure. 

BacTERIOEOGICAE findings.— Tubes of serum agar that were inoculated 
with the exudate at this time developed numerous colonies of an organism 

that was identified as Bad. abortus. 

It has been suggested by writers on abortion disease that Bad. abortus 
infection when acquired by bulls remains active for a comparatively 
brief period, the resistance offered being sufficient for its destruction. 
The encountering of a considerable number of animals giving slight 
agglutination reactions and the isolation of abortus infection from only 
a small percentage of the bulls cultured wouM tend to strengthen the 
theory that the infection may commonly terminate in this manner. On 
the other hand the extensive pathological changes and the chronic 
character of the lesions exhibited by three of the five bulls where abortus 
infection was demonstrated suggest that it may be unwise to assume that 
long-standing cases of infection never exist. 



246 


Journal oj Agricultural Research 


Vol. XVII, No. 5 


CONCLUSIONS 

Bad. abortus infection may involve organs of the generative apparatus 
of bulls, producing chronic inflammatory changes. 

Of the generative organs, the seminal vesicles appear to furnish the 
most favorable site for the lodgment and propagation of abortion 
infection. 

The presence of Bad. abortus infection in bulls appears to be more 
strongly indicated by relatively marked than by slight reactions to the 
agglutination test for this disease. 




PLATE 22 


Photograph of normal and diseased seminal vesicles of hull 98, showing the 
marked increase in size and the gross pathological changes of one of the organs. 






Bacterium abortus Infection of Bulls 
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PLATE 23 

A. — Pliotomlcrograpli of a section from a normal seminal vesicle of bull. X 92. 

B. — Photomicrograph of section from seminal vesicle of bull 409, showing inflam- 
matory changes. X 92. 



PLATE 24 

A, — Photomicrograph of section from seminal vesicle of bull 98, showing tissue 
proliferation and exfoliation of epithelium lining acini. X 92. 

B. — Photomicrograph of section from seminal vesicle of bull 98, showing ad- 
vanced pathological changes with cell degeneration and necrosis. X 92. 



Bacterium abortus Infection of Bulls 


Plate 24 
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INTRODUCTION 

The economic importance and wide distribution of the mosaic or 
“calico’' disease of tobacco {Nicotiana tabacum L ), as well as its dis- 
tinguishing characteristics, have been a matter of common knowledge 
among pathologists and practical growers for many years. The fact 
that mosaic occurs also on certain others of the Solanaceae is well 
recognized, but it has been known for only a comparatively short time 
that the Irish potato (Solanum tuberosum U.) is subject to a similar 
malady. 

As will be shown, potato mosaic, although more common and appar- 
ently more destructive in certain sections of the United States than in 
others, is widely distributed in North America. While the data regarding 
it which have so far accumulated are necessarily limited, there is a 
tendency among those pathologists who have given the subject special 
study to regard it as a disease of great economic importance. The 
results of the studies described in this paper, chiefly those which throw 
light on the means of transmission of the disease, are made more sig- 
nificant by the fact that they were obtained in four different laboratories, 
partly through collaboration and partly as the result of independent 
work. 

> This paper was read at the conference of potato pathokTgists on Loag Island , June 26. 1919. Anabstract 
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GEOGRAPHICAI, DISTRIBUTION OF POTATO MOSAIC 

Orton (p, p. 42Y in 1911 first observed potato mosaic in a field at 
Giessen, Germany, where it was very common on some varieties. The fol- 
lowing year it was found to be prevalent in the potato fields in northern 
Maine but was not found in Wisconsin, Minnesota, Colorado, and other 
western states during an extended survey made in 1912 and 1913. In 1913 
Melchers (6, p. observed symptoms of this disease in the greenhouse 
on potato plants from tubers from New York. More recently Wortley 
(j2) reported it as very prevalent on the Bliss Triumph variety in 
Bermuda and on Long Island, and Murphy {8) said that the disease 
Occurred to a considerable extent in New Brunswick and to a less extent 
in western Canada. In 1917 and 1918, collaborators for the Plant 
Disease Survey reported it from the following states: Alabama, Arkansas, 
Connecticut, Delaware, Florida, Georgia, Kentucky, Louisiana, Maine, 
Massachusetts, Michigan, Minnesota, New Hampshire, New York, 
North Dakota, Ohio, Oregon, Texas, Vermont, Virginia, and Wisconsin, 
Prom these reports it is apparent that potato mosaic occurs rather 
generally throughout the United States. 

Although potato mosaic, named as such, has been reported for the 
first time within the last decade, the following statement made by 
Johnson (4) before the middle of the nineteenth century is of interest. 
In a description of a potato disease which seems to have somewhat 
resembled mosaic he says : 

The stem is unbranched, brownish green or mottled, and here and there sprinkled 
with rusty spots, which penetrate to the pith, so that it is not white but rust colored 
or sometimes black. The upper surface of the leaves is not as smooth as is usual in 
the case with potato leaves but rough, ujrinkled, or curled. The leaver are far more 
sessile than usual, and are not of a uniform brownish or dark green color, but spotted!^ 

Johnson further says that this trouble can be produced by repeated 
removal of the sprouts before planting. 

EFFECTS UPON YIELD 

The yield from affected plants is less than that from healthy vines of 
the same variety. Orton (9, p. 42) as the result of an experiment with 
Green Mountain potatoes in northern Maine reports a difference in yield 
of 22 per cent between 80 healthy and 80 diseased hills. Wortley {12) 
states that 200 healthy Bliss Triumph hills yielded more than twice as 
much as 200 diseased hills of the same variety and that mosaic of potatoes 
in Bermuda frequently causes a reduction in yield of from 10 to 75 per 
cent. Murphy (8) compared 682 diseased Green Mountain hills, scat- 
tered over II plots, with the same number of healthy hills growing 
adjacent to the diseased hills. He found the yield of the former to be 


* Reference is made by number (italic) to "Literature cited,” p. 272-^73. 

* Italics in this quotation are supplied by the writers. 
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but 58 per cent of the latter and concluded that in New Brunswick, 
Canada, the yield is reduced about bushels for every i per cent of 
mosaic present. Reduction in yield reported by collaborators of the 
Plant Disease Survey (tj) ranges from 5 to 30 per cent. Comparative 
results secured by the writers in northern Maine will be discussed later 
in connection with the questions of hill selection and roguing. 

The preceding statements refer to the comparative yields of healthy 
and entirely diseased lots and so may seem to be somewhat inapplicable 
to conditions where a large number of the plants are not diseased and 
where these may possibly be able to make up for the deficiency of 
affected plants by making better growth at their expense. However, the 
writers have found that often, in the absence of any control measures, a 
healthy lot of a susceptible variety will show symptoms of the disease 
in some hills the next year after being grown near to diseased stock 
and will thereafter from year to year have a larger percentage of hills 
affected. 

APPEARANCE OF THE DISEASED PLANTS 


Some of the symptoms will be described here, although the subject 
has already received considerable attention (6, 7, 8, 10). On Green 
Mountain or Bliss Triumph potatoes, the leaves of affected plants are 
characterized by mottling (PI. A; B; 25), which is produced by the 
presence of light green areas on the foliage. These areas may occur on 
g_jjy part of the leaf j they may include or adjoin sections of the larger 
veins or not come in conta.ct with them. The light green patches vary 
greatly in shape, being punctate, elongate, circular, angular, and irregular. 
Considerable variation in the degree of paleness may be seen even in the 
same small discolored patch, from a barely discernible fading of the green 
to an almost pure yellow. The abnormal spots differ in distinctness of 
outline, usually in proportion to the degree of discoloration. Their 
dimensions seldom exceed a few millimeters. Their frequency varies, 
usually becoming greater as the disease progresses and thus giving to the 
general appearance of the leaves a much lighter color than that of healthy 
foliage. In the more severely affected plants the foliage may become 
spotted with bmwn flecks of dead tissue. Furthermore, in the more 
advanced stages the foliage presents a characteristic crinkled or corru- 
gated appearance. In these stages the diseased plants are frequently 
dwarfed because the stems, the leaf petioles, and leaf blades are con- 


siderably shortened or reduced in size. 

The symptoms as described above are not so marked in certain other 
varieties— for example, in Blue Victor, Early Rose, Irish Cobbler, Pearl, 
White Bliss, Carmen, Early Dix, Netted Gem, Peach Blow Portuguese 
Purole, and Spaulding Rose. In the first five named, decided rugosity 


is a characteristic of the disease. 
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So far no symptoms have been discovered by which mosaic can be 
recognized in the dormant tubers; nor has any effect upon the percentage 
of germination or the time of blossoming been observed, although pre- 
mature death may occur. 

The presence of mottling on the leaves is apparently modified by cli- 
matic conditions. It was found by planting a part of the same affected 
stock and strain in northern Maine and Colorado, that, whereas distinct 
mottling occurred in northern Maine, none whatever could be detected 
on the stock in Colorado during the same season. Similar tests were made 
at Washington, D. C., and in northern Maine; and although some mottling 
was noted at Washington there were a number of doubtful cases, while 
the same stock in northern Maine showed very distinct mottling, Melhus 
(7) found that progeny of plants which were mottled in northern Maine 
did not show such S5Tnptoms in Iowa but showed symptoms of “curly 
dwarf.” 

For three successive seasons a number of lots of mosaic and healthy 
seed potatoes have been divided and planted at the two experimental 
farms of the Maine Agricultural Experiment Station. One of these 
farms is located in the northeastern and the other in the southwestern 
part of the state. Usually the part of a lot grown in southwestern Maine 
showed considerably less mottling than the part grown in northeastern 
Maine, while the reverse has never been noted. In two out of the three 
seasons these differences have been very marked. On the other hand, 
when the same lots which showed practically entire absence of mosaic 
mottling in one location — in southwestern Maine — one season were re- 
moved to the other and planted the following season, the mottling again 
appeared in marked degree. 

TRANSMISSION STUDIES 

Transmission by tubers 

Orton (9) cites a preliminary experiment and suggests the probability 
of tuber transmission. Wortley (12) found that all tubers from affected 
plants produced foliage with mottled leaves. Stewart (lo) says that 
mosaic is transmitted through the tubers. As pointed out before, Melhus 
(7) showed that, under Iowa conditions, plants from diseased tubers 
might not exhibit the mottling of the leaves but might show a dwarfing 
and curling of the foliage similar to curly dwarf.” Murphy (. 5 ) says, 
“Mosaic is perpetuated by planting the tubers from diseased hills.” 
These conclusions are confirmed by evidence which has been secured 
by the writers and which will be presented later in connection with the 
questions of hill selection and roguing. 
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TRANSMISSION BY GRAn'ING 

Experiments were carried out in the winter of 1916-17 at Washington, 
D. C.j to see if it were possible to transmit the disease by grafting. In 
these experiments two methods of grafting were followed, the cleft-graft 
and the inarch. According to the first method the top of a young, 
apparently healthy, potato plant was removed, the base sliced down to a 
thin wedge and grafted in the place of the top of a diseased plant. The 
scion was held in place by winding with adhesive tape. Of six plants 
grafted in this way that grew well, all the scions showed evidence of 
the disease (Pi. 26, A). Four of the plants from which tlie scions w^ere 
taken remained apparently healthy. The other tw^o showed evidences of 
the disease. Grafts were made according to the inarch method by placing 
a healthy and a diseased plant side by side, slicing away a thin layer of 
the outer tissue of the stem, bringing the cut surfaces in close contact, and 
fixing them by wrappings of adhesive tape. After the plants had re- 
mained in contact for several days the stem of the healthy plant was cut 
below the point of attachment and the top of the diseased plant removed. 
In three grafts made in this w^ay the scion of one became diseased while 
the parent plant remained healthy. The other two were doubtful. 
This last-mentioned method of grafting seemed not to be adapted to 
potato plants because, unless maintained in a very humid atmosphere 
the scions wilted. However, Giissow (j) in 1918 by inarching a mosaic 
shoot on a healthy one found that no mosaic symptoms formed on the 
foliage of the sound plant but that tubers from it produced mosaic 
plants. 

The results obtained in these preliminary experiments were corrobo- 
rated by a number of experiments in the field in 1917, the results of which 
are shown in Table I. In this series no attempt was made to control 
aphids, not were any obser\"ations made, after grafting, on the plants 
which supplied the scions. However, these plants were from 4 to 6 
inches high and free from mottling at the time of grafting. 


Table) I . — Grafts of potato 'vines, Presque Isle, Me., igiy 


Date. 

Variety. 

Gratt. 

Xurn- 

ber 

grafts.' 

Num- 

ber 

mot- 

tled. 

Num- 

ber 

non- 

mot- 

tlcd. 

Num- 

ber 

doubt- 

ful. 

Per- 

cent- 

age 

1 mot- 
1 tied. 

August 

Bliss Triumpli. . . 

, Healthy scion on af- 
afiected stock. 

17 

II 

2 

4 

64.71 

Do.. 

ni 1 11 1 '"4 1 tl 

do ' 

17 

10 

5 

2 

58.82 

iVlUUJLlLcill* • . 


: 

1 


During the summer of 1918 grafting experiments were continued in 
northern Maine. Although more than loo grafts were made, relatively 
few of these made sufficient growth, 4 to 12 inches, to show distinct 
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mottling. In order to study the behavior of the plants from which the 
scions were taken, these plants as well as the scions and stocks were 
labeled. Their performance is indicated in Table II under the heading 
of “Condition of parent vine.” The grafts were made when the plants 
were from 4 to lo inches in height. In the majority of cases the cleft- 
graft method was used. After the insertion of the scion the contact 
between scion and stalk was effected by wrapping tightly with adhesive 
tape. The performance of these grafts is recorded in Table II. 


Tabl^ II . — Grafts of potato vines, Presque Isle, Me., igi 8 


Date. 

Variety. 

Graft. 

Condition 
of parent 
vine. 

Num- 
ber of 
success- 
ful 

grafts. 

Num- 
ber of 
grafts 
mot- 
tled. 

Num- 
ber of 
grafts 
non- 
mot- 
tied. 

July 6 to Aug. 17. 

Do 

Bliss Triumph, . . . 

Green Mountain. . 

Healthy scion 
on diseased 
stock. 

do 

Healthy 
to end of 
season 
. . .do. . , , . 

19 

6 

14 

19 



Do 

Bliss Triumph,, . 

Green Mountain. . 

Healthy scion 
on healthy 
stock. 

do 

. . .do 

6 

j 

Do 

. , .do 

5 


5 

Do 

. . .do 

Affected scion 



Do 

Bliss Triumph . . . 

on healthy 
stock. 

do 


3 

1 3 








These results indicate plainly that distinct mottling of the healthy 
scions grafted upon diseased stocks had developed by the end of four or 
five weeks, whereas no mottling developed on either the parent plants 
or the healthy scions grafted upon healthy stocks. (See PI. 27, A, B.) 
A few new shoots from stocks supporting affected scions showed mottling, 
but since only a small number of these grafts w^ere made the results are 
inconclusive. 

In the winter of 1918-19, 61 Green Mountain grafts were made at 
Orono, Me., by means of the cleft-graft method already described. Of 
the 50 which survived, 14 consisted of healthy scions on healthy stocks 
and remained entirely healthy for from 43 to 82 days, 9 making new growth 
from the stock and i from the scion; 15 consisted of healthy scions on 
mosaic stocks; and 7 of these, or 41 per cent, developed mosaic on the 
scion in from 21 to 44 days, although the plants from which the scions 
came remained healthy. In the 7 mosaic scions there was usually a con- 
tinuation of leaf expansion, and the mosaic symptoms developed in the 
youngest leaves. The scions which remained healthy usually showed no 
good growth. Of 21 grafts consisting of a mosaic scion and a healthy 
stock, the one whose stock produced the most new growth showed 
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much wnnklmg and some mottling on this new growth ; 3 other stocks 
showed wrinkling only; and the rest remained healthy, even in the 
rather poorly developed new shoots. 

Transmission by plant juices 

Attempts were made to inoculate tubers of the Green Mountain and 
Bliss Triumph varieties with juice from diseased plants. In these 
inoculation experiments the method followed was to diride the potato 
in half longitudinally, malce a carity in one piece, fill this cavity with 
the juice from the crushed stems and leaves of the diseased plants, and 
then plant this treated piece. The other half of the potato was planted 
in a separate pot as a control. In the first experiment, with four Bliss 
Triumph and four Green Mountain tubers, all the stalks from four of the 
inoculated portions of these tubers were typical mosaic plants. One of 
the control plants, corresponding to one of .the inoculated portions 
which developed mosaic, also showed the disease. These experiments 
w'ere repeated a number of times vrith larger numbers of tubers, but only 
occasionally did the inoculation appear to be successful. In all of the 
transmission experiments it has been difficult to secure seed-tuber lots 
which were absolutely free from mosaic contamination, so it was to be 
expected that occasionally both the inoculated and uninoculated parts 
of the same tuber would produce diseased plants. On the other hand, 
the uninoculated controls remained healthy in some experiments where 
the inoculated seed piece produced a mosaic plant, while the converse 
did not occur. Hence the eridence secured is presumptive that the 
disease can be transmitted by inoculating seed tubers with juices of 
affected plants. 

In northern Maine during the season of 1918, 50 hills of apparently 
healthy potato plants of the Green Mountain variety were treated with 
the filtered and unfiltered extracts from diseased tubers and leaves. 
These juices were applied by means of painting upon rubbed, bruised, 
or slashed leaves, and by hypodermic injection into the petioles. The 
plants at the time of this treatment, July g and 10, were about 12 inches 
tall and in actively growing condition. Obser\’ations on July 20 and on 
August 17 indicated that no treated plants had developed mottling but 
appeared like the controls, which were treated with water. In order to 
note whether this treatment of the foliage had any effect upon the tubers, 
progeny of these hills was reser\xd for study in 1919. 

On November 23, 1918, in a preliminary experiment in the green- 
house at Washington, D. C., juices extracted from potato vines were 
transferred to foliage of the Bliss Triumph variety. This operation was 
performed several times in the course of a month, the first inoculation 
being made when the plants were 3 to 6 inches high. By December 20, 
1918, fully 30 per cent of the inoculated plants showed mottling on the 
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youngest leaves. It was noted also that this mottling occurred only in 
connection with two very similar treatments. In view of these sug* 
gestive results, a similar experiment with the more promising of the 
methods employed in November, 1918, was begun February 22, 1919. 

In this experiment healthy plants from 17 different tubers of the 
Green Mountain variety were inoculated according to the methods indi- 
cated at the foot of Table III. At the time of planting, each of the 17 
tubers was halved lengthwise, so that for each treated plant an untreated 
control plant of the same tuber was obtained. The halves of each tuber 
were designated respectively x and y and with the same number. Each 
half tuber was planted in an 8-inch pot. 

At the time of the first inoculation, the height of the plants varied 
from 2 to 6 inches, and the number of shoots to each half tuber varied 
from two to seven. As shown in Table III, plants from the tuber halves 
472X, 483X, 473 y, 484X, 47 1 y, and 48 5 y were treated with juices from 
healthy plants according to the methods indicated and served as control 
to the plants treated similarly but with juices from mosaic potato vines. 
The remaining 1 1 plants, from as many tuber halves, were treated with 
juices from mosaic foliage. All juices were taken from vines of the 
Green Mountain variety. 

The performance of the treated and untreated plants is noted in Table 
III. Number 4727 represents the untreated plant and 472X the treated 
plant developed from the same tuber. At this time observ-ations on 
foliage of the plants treated according to method 3 with juices from 
mosaic plants indicated that no mottling had developed. This method 
failed to produce mottling in the November experiment also. How- 
ever, with method 5 and with method 7 seven different plants had 
developed new leaves since March 22; and five of them, or 71 per cent, 
showed distinct mosaic mottling on the younger leaves formed after 
the time of the last inoculation on March 22 (PI. 28, A). The first mot- 
tling on any of these plants was noted on March 25. On examination 
March 25 and April 3, 1919, no mosaic mottling was found on either 
the old or newly formed leaves in any of the controls, treated or 
untreated (Pi. 27, A, B). All the plants in this experiment were free 
from aphids. 
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TRANSMISSION BY APHIDS 

The fact that plant diseases are frequently carried by insects is well 
recognized. In this connection the work of Allard (i, p, 626) on the 
mosaic of tobacco is of special interest. This writer showed that the 
virus of tobacco mosaic is readily carried by the common green peach 
aphis, or spinach aphis {Myzus persicae Sulz.). More recently McClintock 
and Smith (5) have demonstrated that the spinach-blight, which ap- 
parently is a virus disease, also is transmitted by plant lice, the pink 
and green potato aphis {Macrosipkum solanifolii Ashmead) and the 
spinach aphis both acting as carriers. Doolittle’s work (2) with cucum- 
ber mosaic is also worthy of mention in this connection. 

FlErO EXPERIMENTS WITH INSECT CAGES 

From findings of these writers it has seemed possible that the mosaic 
of potato might be spread by some insect. To study this question an 
attempt was made to grow plants in the field under cages that were 
supposedly insect-proof. These were 22 by 30 by 36 inches, covered 
with cheesecloth, one side being arranged so that it could be opened — a 
type that was used also by McClintock and Smith (5, PL 5 and 6), 
Potatoes were planted about 14 inches apart, so arranged that one 
cage covered two hills. During the season of 1917 at Presque Isle, Me., 
potato plants were grown throughout the season under these cages and 
observations made from time to time on their condition as regards 
mosaic. It was found that the percentage of mosaic in the cages was 
practically the same as that to be found in the same stock planted in the 
adjoining plots. However, since the disease may be acquired in one 
season without showing the symptoms until the tubers develop their 
shoots the following season, it was necessary to continue the comparison 
through 1918. It was then found that not more than 5 per cent of the 
tubers from healthy plants caged in 1917 were mosaic, the lowest season- 
to-season percentage of increase on record for lots grown on the experi- 
mental plots. 

Tubers from plants grown under the cages in 1917 and not showing 
the characteristic mottling of the disease during the season were selected 
for planting in the cages in 1918, On account of the poor quality of the 
cheesecloth obtainable in the second season the cages were not insect- 
proof; and within them there were found, at the end of the season, 
considerable numbers of aphids as well as some insects of other kinds. 
However, since the dispersal of aphids probably was checked more or 
less by the cages, tubers were reserved for the 1919 season for comparison 
with uncaged lots. 
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GREENHOUSE EXPERIMENTS WITHOUT INSECT CAGES 

Smce greenhouse conditions are more favorable to the control of 
aphids, experiments with the pink and green potato aphis were conducted 
in the greenhouse at Washington, D. C., during the winter of 1917—18. 
The insects were allowed to develop on stock of the Bliss Triumph 
variety which during the preceding summer had been rogued in the field 
in northern Maine — that is, had the plants showing mottling eliminated 
from the stock. However, as Tables IV and V show, about 22 per cent 
of the plants developed mottling on January 28, 1918, when they w^ere 
from 2 to 6 inches tall. From these affected plants the aphids were 
permitted to disperse to the neighboring, apparently healthy plants; 
and in addition on March 5 artificial transfers of aphids from diseased 
to nonmottled plants were made on fully a dozen different plants. By 
March 19, 1918, it was noted that many of the plants infested with aphids 
had developed a crinkling and mottling, on the newly formed leaves 
only, very similar to mosaic mottling (PI. 29, A). The number of such 
mottled plants increased so that by April 6, 1918, 50 per cent of the plants 
showed mottling. On the other hand, only 15 per cent of the remainder 
of this 1 91 /-grown stock were diseased when grown at Presque Isle in 
the season of 1918. This 15 per cent, as well as the 22 per cent which 
first showed mosaic in the greenhouse experiment described above, 
undoubtedly were progeny of hills that had become diseased in 1917 
in spite of the roguing. The increase to 50 per cent seems to be explained 
best by the dispersal of the aphids from the diseased plants. Moreover, 
the percentage of plants to which the aphids transmitted the disease in 
this experiment w'as really 100, inasmuch as all plants, whether or not 
eventually becoming mottled in 1917-18, produced progeny which w^as 
decidedly mottled in the winter of 1918-19. (See Table IV, “Perform- 
ance of second generation,”) That is, all the tubers which w^ere saved 
from nonmottled plants, as well as all tubers from the mottled plants, 
produced mosaic vines in the following winter when planted in the same 
greenhoiise with no aphids present. 
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TabI/^ IV . — Effect of aphids on mosaic of potato at greenhouse, Washington, D.C., igi8-ig 
{EUss Tritimph variety] 
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Perform- 
ance of 
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H 

H.A...i 

H,A... 




fa 

H 

H,A... 

H,A.-. 

H.A 


lb 

H 

H.A... 

H, A... 

H, A 


116^ 

fa 

H 

H,A... 

M, A... 

Rapidly maturing 

Mm, 

lb 

H 


M, A... 


Mm. 

iir 

fa 

M 

M,A... 

M,A... 

M, A 


lb 

M 

M, A... 

M, A... 

Dead 


ir8^ 

fa 

H 

H,A... 

M,A... 

M, A 

Mm. 

lb 

H 


M,A... 

M, A 

Mm. 

119^ 

fa 

H 

M, A. .. 

M, A... 

M, A 


lb 

H 

M, A. . . 

M, A . . 

M. A 



fa 

M 

M, A . . 

M, A .. 

M. A 


120* 

lb 

M 

H, A.. 

M.A... 

Dead 


121* 

fa 

H 

H, A... 

H.A... 

H, A 


lb 

H 

H, A... 

H.A... 

H.A 


122' 

fa 

H 

H, A... 

H, A... 

H, A 

Mm. 

lb 

H. . . .. 

H, A... 

H, A. . . 

M, A 

Mm, 

123' 

fa 

H 

H,A.. 

H, A... 

H.A 


lb 

H 

H.A... 

H.A... 

H.A 


124' 

fa 

H 

H,A.. 

H, A... 

H.A 


lb 

H 

H,A... 

H.A... 

Dead 


12 5' 

f" 

H 

H,A.,. 

H.A... 

Young leaves dead 

Mm. 

lb 

H 

H,A... 

H.A... 

M.A 

Mm. 

126' 

/a 

H 

H,A... 

H, A... 

M. A 

Mm. 

lb 

H 

H,A .. 

H, A... 

Young leaves dead 

Mm. 


■ All potatoes were planted Dec. 19. 1917- 

^ H—healthy. M^mosaic. Min=havmg a medium mosiaic infection, A=infested with aphids. 
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TablB W— Effect of aphids on mosaic of potato at greenhouse, Washington, D. C. 

Continued ' 





Condition of plants on— 

Perfonn- 

Pot No. 

Jan. 38, 
1918. 

Mar. I, 
1918. 

Mar. 19, 

1 1918. 

1 Apr. 6, 1918. 

1 

secxttd 
genera- 
tion, in- 
spected 
Jan. 4, 
19T9. 

127] 

fa 

H 

H, A.. 1 

H, A...' 

H.A 



H 

H, A.., 

H, A... 

H.A i 


128^ 

la 

H 

H,A... 


H.A 

Mm. 

Mm. 

lb 

H 

H, A. . 

H,A.. 

H.A 

129] 

(a 

M 

M.A... 

M, A.. 

M 

lb 

M 

M,A... 

M.A... 

Dead 

Mm. 

130] 

fa 

H 

H,A... 

H.A. .. 

H.A 

lb 

H 

H,A... 

H.A... 

Dead 


131] 

fa ' 

H 

H, A... 

H, A.. 

Too mature 1 


|b 

H 

H,A... 

H.A... 



133] 

fa 


H,A.,. 

H,A. .. 


Mm. 

Mm, 

Mni. 

Mm, 

lb 


H,A... 

H.A... 


133] 

fa ■ 


M,A... 

M.A. .. 

Dead 

lb 


H, A... 

H.A.. 
M, A... 
M,A.., 
M, A... 

H 

134] 

fa ■ 


M, A,., 

M, A 

Lb 


M,A... 
M, A.. 

Dead 


m\ 

fa 


M, A 

Mm. 

Mm. 

lb 


H, A. .. 

H, A... 

H, A 

136] 

fa 


H, A, . 

H, A...I 
H, A..,l 
M, A... 


Ibi 


H, A. ., 

A 

i 

137] 

fa 


M, A. .. 

M 


lb 


M5A... 

M, A... 

Dead 



fa 


H,A.., 
H, A. .. 

H. A. .. 

M 

i Mm. 
i Mm. 

lb 


H, A... 

M 

139] 

fa 


H, A.. . 

H, A. 

H.A 

lb 

1 

H, A.. . 

H, A...' 
H, A. .. 

H.A ! 


140] 

fa 


H, A... 

Too mature to observe 


lb 


H, A... 
H,A... 
H, A. . J 

hU...' 



I 

fa 

1 

H, A...! 
H.A... 
M, A. .. 

A i 

i Mm. 

I 4 ij 

lb 

1 

A 

Mm, 

I 

fa 

1 

M, A. ..1 

M, A 

Mm, 

143 j 

lb ' 


H, A. . 

H,A... 
H, A... 
H, A. . 

Dead 

Mm. 

J 

fa 


H, A. . 

M.A 

I 43 j 

lb 


H,A. . 
H,A. .. 
i H, A...' 
H,A. .J 

Dead 1 


J 

fa ■ 


H.A... 

1 H.A... 
j H, A. .. 

M, A 1 


I 44 j 

lb ' 

! 

j M.A ! 


1 

fa 





[b 


H,A...! 
H A 

H.A... 



146] 

fa 


H.A 

M A 

! Mm. 

[b 


H,A . ! 

, H.A. .. 
M, A. .. 

A 

Mm. 


fa 


M,A.., 
M,A... 
H,A... 
H,A.,. 
H, A. 
H.A .. 
H,A . 

M A 

H 7 \ 

[b 


M, A... 
H.A... 
H.A... 
H. A. .. 

M A 


ol 

fa 


H. A 


i 48 j 

lb 


1 H, A 


1 

fa 


H.A 


I 49 j 

lb 


H.A. . 

H, A 



fa 


H, A... 
H.A. . 
H, A. ., 

HA 

Mm. 


lb 


H,A... 

H5A... 

H,A... 

H A 

Mm, 

1 

fa 


Dead 

Mm, 


lb 


M, A. .. 


Mm, 



i 
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Tabl^ V . — Summary of Table IV 


Condition of plants on 
Jan. 38 , 191S. 

Condition of plants on 
Mar. I, J91S. 

Condition of plants on 
Mar. 19, 1918. 

Condition of plants on 
Apr. 6, 1918. 

Total 

number 

of 

plants 
loia to 
132a. 

Num- , 
ber of 
mosaic 
plants. 

Per- 
cent- 
age of 
mosaic. 

Total 

number 

of 

plants , 
loiato 
151b. 

Num- 
ber of 
mosaic 
plants. 

Per- 
cent- 
age of 
mosaic. 

Total 

number 

of 

plants 
loia to 
151b. 

j 

Num- 
ber of 
mosaic 
plants. 

Per- 
cent- 
age of 
mosaic. 

Total 

number 

of 

plants 
loia to 
151b. 

Num- 
ber of 
mosaic 
plants. 

Per- 
cent- 
age of 
mosaic. 

62 

14 

22. s ^ 

102 

28 

27 

102 

40 

39 

102 

51 

1 50 


Total number of plants crown from above progeny in second generation is 44. 
Number of second generation plants showing mottling is 44. 

Number of plants without mottling in first generation but mottled in second is ai. 
Percentage of plants mottled in second generation but not in first is 48. 


Similar experiments were performed at Washington in the winter of 
1918-19. Bliss Triumph potatoes, from stock that had been rogued 
during the preceding season in northern Maine, were planted in two 
lots. One lot was kept free from aphids by fumigation while the other 
was subject to a heavy infestation. In the former, ii per cent — ^the 
progeny of 2 out of 18 halved tubers — became mottled as soon as the 
first leaves appeared, evidently as a result of field infection. In the 
latter, 67 per cent, or 31 out of 46 plants — progeny of 23 halved tubers — 
developed mottling. The difference between 1 1 per cent and 67 per 
cent evidently was the result of aphid dispersal from neighboring mosaic 
plants of the same variety. The aphid-free lot was planted December 
17, 1 91 8, and was fully matured by March 22, 1919. The infested lot 
was planted in 8-inch pots on February i, 1919, in a separate greenhouse 
but \vith growing conditions practically the same as those of the other. 
Hundreds of aphids were present upon the plants by the time they had 
developed to a height of 6 to 8 inches. The plants were arranged in 
five rows, the plants in row i being in contact with the originally aphid- 
infested plants and the other rows following in numerical order at re- 
spectively greater distances from them and therefore being less infested 
by the dispersing aphids. As shown in Table VI, all the plants in rows 
I and 2 showed mottling by April 4, while at that time some but not all 
of the plants in the other three rows were mottled. 
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Tabi<E Vl.^Relaiion of aphi^ to mosaic of potato: Continuation of experimenU at 
greenhouse, Washington, D, C., jqi8~iq 


[Planted Peb, i, 1918; observed Apr. 4, 1918] 


Seed piece No. 

Condition of foliage. 

1 

X. 1 y. 

Num- 
ber of 
S-inch 
pots re- 
moved 
from 
aphid- 
in- 
fested 
plants. 

j 

j l^emarlcs. 

j 

521X aod y 




i 






f 

! Mottled front beginning. 



...do i .. 


! ^ 











i 







1 ! 




53^ and y 







saTX and y 



1 




528* and y 






1 Mottled from beginning. 

529X and y 






53DX and y 







531X and y 

Healthy . 






S 32 X. 







5327 







533X and y 







S34X and y ■ 


Mottled . 

Health y 




S3SX and y 






53 6x and y 







^37X and y 

1 






53SX and y 

j Healthy . 

■■■ 1 


j Mottled , 



nax and V 

. , .do 1 

1 





540X and y 

. . .do... . 

1 





S41X and y. ! 

. . .do ! 

.‘1 


Mottled . 



iAiTc and V 

I 

Mottled. 1 


. . .do 


Mottled from beginning. 


. , ,do.. . . ' 


.. .do 


Do. 


I 1 

1 





Total number of plants is 46. 

Number of plants showing mottling Apr. 4, 1919, is 31. 
Percentage of plants showing mottling Apr. 4, 1919, is 67. 


Somewhat similar evidence was secured during the same winter at 
Orono, Me. Some Green Mountain potatoes were used that had been 
grown in a rogued plot in northern Maine during the season of 1917 and 
had been kept for about a year in cold storage. One lot of 10 tubers was 
planted immediately and 2 of them, or 20 per cent, produced plants that 
were mottled when very young, evidently through field infection. An- 
other lot of 30 tubers was stored in a cellar for a few weeks and then was 
found to have produced sprouts that had become lightly infested with 
green peach or spinach aphids. These aphids apparently had dispersed 
from a neighboring heavily infested lot of sprouted tubers that had 
come from a purely mosaic stock and that later produced mosaic plants. 
The number of insects on a tuber varied from o to 30, and there were 
few skins and but little honey-dew deposit present. The infested lot 
was fumigated and planted. Five tubers, or 17 per cent, produced 
plants that became mottled when very small, in 25 to 30 days after 
planting, evidently the result of field infection. In addition to these, 
6 other tubers, or 20 per cent, produced both mottled and healthy shoots. 
This increase can be explained only by the infestation of the sprouts by 
the aphids from the diseased tubers. This explanation receives support 
from the observation that the mottled shoots of the 6 partly diseased 
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tubers showed the symptoms later, averaging 44 days after planting, 
and that they usually came from eyes of the bud end and therefore were 
probably the first to become exposed to aphid attack. 

GR^ENHOUS^ EXPfiRlMBNXS WITH INSECT CAGES 

As has been indicated already, plants that appear healthy may pro- 
duce tubers that develop mottled plants. In studies with potato mosaic, 
therefore, it is very desirable to grow a second generation if the effects 
of a given treatment are to be fully disclosed. Under greenhouse con- 
ditions, especially in Maine, it is necessary to furnish treated plants 
with as much light as possible if a satisfactory crop of tubers is to be 
secured. This makes it appear better, in experiments involving the 
artificial introduction of aphids, to remove as soon as possible any cages 
that were used. This can be done without compromising the results of 
the experiments if frequent inspection and fumigation are employed to 
keep insects reduced to negligible numbers. 

During the winter of 1918-19 an experiment was performed in the 
greenhouse at Orono, Me., with Green Mountain potatoes that had been 
grown in a rogued plot in northern Maine during the season of 1917 and had 
been kept for about a year in cold storage. Fifteen tubers were planted, 
of which 3, or 20 per cent, produced plants which showed mosaic symp- 
toms when only a few inches tall. The same rogued stock when planted 
in the field in 1918 had shown mottling in ii per cent of the hills. The 
other 12 tubers, each being divided into 2, 4, or 5 sets, furnished 53 
plants. Twenty-one plants, i or 2 from each tuber, were kept as untreated 
controls throughout the experiment and remained healthy. Eighteen 
plants, I or 2 from each tuber, were fed upon by aphids introduced from 
mosaic potato plants; and 13 of them, or 72 per cent, eventually devel- 
oped typical mosaic symptoms. Five plants, from 5 tubers, were fed 
upon by aphids introduced from a healthy potato plant; 8 plants, from 
8 tubers, were infested by aphids from radish plants; but all of these 
remained healthy. 

In this experiment spinach aphids ^ were used and were never found, 
during frequent inspections, to be parasitized by other insects or by 
fungi or to be mixed with predatory enemies or with individuals of another 
aphid species. They were secured from two colonies, one on a mosaic- 
diseased potato plant and the other on an apparently mosaic-free one. 
Stock from the former was kept on mosaic-diseased potato plants and 
that from the latter on healthy ones or on radish plants until ready for 
use. The aphids were transferred to the plants of the experiment by 
methods that seemed favorable to the transmitting of mosaic: (i) By 
laying one or two leaves, bearing feeding aphids, upon the plant so that 


* Detenninations were made by Dr. Edith M. Patch, Entomoloipst of the Maine Agricultural Experi- 
ment Station, who informs one of the writers that this species freqiiently is abundant upon potato 
plants in Aroostook County and other parts of Maine. 
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the insects could crawl most easily to the new host; (2) by introducing 
aphids when the new host was young, 3 to 13 inches tall; and (3) by 
introducing a rather large number, 40 to 220 by estimate. Cylindrical 
cages consisting of coarse wire screening covered with fine cloth gauze 
(5, PL 6 B) were used to confine the aphids to the individual treated 
plants. These effectually served their purpose. For the three treat- 
ments with aphids — from mosaic potato, healthy potato, and radish — 
the height of the tallest shoot of the new host when the aphids were 
introduced was on the average 6, 5, and 7 inches, respectively. The 
number of aphids introduced was on the average respectively 130, 80, 
and 120, while the average number of days the insects remained was 


respectively 7, 14, and 9. After feeding on the new host for a week or 
longer, the aphids were killed by nicotine fumigation intense enough to 
cause the margins and tips of some leaflets to become yellow and later 
to die. This yellowing occurred on both the aphid- infested and aphid- 
free plants and was in no way similar to mosaic mottling. It did not 
occur on the leaves which were the first to show mosaic symptoms. 
Frequent cyanid and nicotine fumigation of the uncaged plants was 
practiced. No white flies (Aleyrodes vaporariomm Westw.) and very 
few dispersed aphids were found at any time in the room occupied by 
the plants included in this experiment. No other species of aphids was 
found in the greenhouse. Thrips fed somewhat upon all the plants, 


both those within cages and those uninclosed. 

The aphids were introduced in December and January, S>Tnptoms 
of mosaic were first seen in 18 to 31 days and then consisted of the mot- 
thng characteristic of “slight” mosaic, but the mottling soon became 
more pronounced and sometimes was accompanied by considerable 
wrinkling. The average number of days that elapsed between the 
introduction of the aphids and the time when mosaic symptoms were 
first ascertained was 26. It might have been shorter if the plants had 
been examined daily instead of semiweekly. The average height of 
the tallest shoot at the time when the symptoms were first ascertained 
was 20 inches. The symptoms appeared first in the one, two, or three 
topmost leaves of an affected shoot, which, if already formed, were still 
very small at the time the aphids were feeding on the plant. 

The fact that a large percentage of the plants treated with aphids 
from mosaic potatoes showed mosaic while the others, either untreate 
or treated with nonvirnlent aphids, all remained healthy, can be attri^ 
buted only to aphid transmission. As pointed out before, le ^ 

plants that showed mosaic came from the same tubem as the hea y 

previous tendency to regard mosaic as a physiological disease and there- 
fore to neglect some operations normally followed in pathological work. 
aT the plants were grown in the same greenhouse room and wer 
~d so that those with each type of treatment were distributed 


122502®— 19 2 
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over the bench, all four treatment groups thus being mixed and appar- 
ently exposed to similar conditions of light, temperature, and humidity. 
Each plant had enough space so that it was not in contact with any 
other. Soil fertilization and watering were similar for all plants. There 
was as much variation in the amount and type of soil used for the plants 
that showed mosaic symptoms as for the others. The untreated controls 
came from neither eye-end sets nor stem-end sets. Each tuber was 
cut with a flamed knife, and the seed pieces were planted in steam - 
sterilized soil. Finally, the objection that the method used for intro- 
ducing aphids brought in the factor of contact with diseased leaves, is 
met by the results of 14 checks in another room of the greenhouse. 
These 14 tubers from the same stock produced tuber hills, each of which 
remained entirely healthy for 38 days after a mosaic leaf or shoot had 
been placed upon it when it was 8 inches high. 

In connection with the experiment reported in Table VI another 
aphid experiment was conducted at Washington, D. C., in the winter 
of 1918-19, butwithaGreen Mountain lot and with insect cages employed. 
From this stock for the last three seasons the mosaic plants had been 
eliminated, so that but 13 per cent of the plants developed mosaic as 
soon as new leaves were formed. In this experiment, plants from 5 
different tubers w^ere used. Each of these tubers was halved, making 
10 sets. Plants from 5 different sets, designated 474X, 48 ix, 486X, 
470X, and 478X, were kept in the greenhouse without a cage; and plants 
from the corresponding 5 different sets, designated as 474y, 481 y, 486y, 
47oy, and 478y, were placed in two cages which were kept in the same 
greenhouse with the uncaged plants. Three of these plants, 474y, 48 ly, 
and 486)% when from 3 to 6 inches tall were placed in one cage, while 
the two remaining plants, 47oy and 478y, were placed in another cage. 
On February 26, 1919, a few hundred aphids taken from healthy Green 
Mountain plants were transferred to each of plants designated 47oy 
and 478y, and similar transfers were made on March i and on March 15. 
The aphids were brushed upon cardboard with a camers-hair brush 
and then transferred to the plants. Before the transfers were made 
on March 15 the plants were fumigated. Upon 474y, 481 y, and 486y 
aphids from mosaic plants were transferred in a similar manner, but 
with a different brush and cardboard. Here also three distinct trans- 
fers were made on February 26, March i, and March 13. The plants 
were fumigated on March 15 and the third transfer made. At this 
time a few hundred aphids were placed upon each of the plants. This 
last set of aphids was allowed to feed on the plants until March 22, when 
the lower half of each stalk had become defoliated. Then another 
tobacco fumigation was applied, and the cages were removed from the 
plants. At this time a few of the newly formed leaves showed distinct 
mottling. On April 2 newly formed leaves on all 7 stalks representing 
the 3 different plants were distinctly mottled (PI, 30, A), At this time 
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the 3 plants which had developed from the other half tubers and had 
been kept free from aphids were free from mottling. On examination 
of the control plants 47oy and 4787 as well as 470X and 478X on April 4, 
no mottling whatever was found (PI. 30, B). 

In January, 1919, some Green Mountain potatoes were secured at 
Orono, Me., supposedly from a field that had been found free from mosaic 
the previous season. Seventeen tubers were divided each into 6 seed 
pieces. Eight tuber groups of 6 plants each developed mottling when 
very small, and the other 9 did not. The 6 plants from each tuber 
were subjected to 6 different treatments: One plant was kept os an 
uncaged control; another was a control, caged until the plant was over 2 
feet tall ; the third was grown intertwined with a mosaic potato plant 
from a separate pot; the fourth was fed upon for a week by wingless 
green peach aphids from a mosaic potato plant, an average number of 
about 130 being introduced on a piece of gauze when the plant was 3 
inches high; the fifth received the same treatment as the fourth except 
that the average number of insects was about 170 and that they were 
introduced on leaves which were impaled upon a sterile stick thrust 
into the soil in such a way that there was no contact between the intro- 
duced leaves and the plant or soil (see PI, 26, B) ; on the sixth plant when 
I inch high there were placed 20 winged aphids secured from a mosaic 
plant with a camehs-hair brush and introduced within a small open 
bottle. 

All of the 18 controls remained healthy. Of the 9 plants with aphids 
introduced on leaves, as described above, 8, or 89 per cent, became mot- 
tled in 20 to 31 days — averaging 25 days — or when the plants had be- 
come 14 to 29 inches high— averaging 25 inches. One of these plants, 
together with an untreated plant from the same tuber, is shown in Plate 
29, B, and corresponding leaves from these two plants are shown in 
Plate 27» C. Of the 9 plants with aphids introduced on gauze, 2, or 22 
per cent,’ became mottled in 20 to 26 days, when the plants were 22 to 29 
inches high. Of the 9 plants with winged aphids introduced, i, or ii 
per cent, showed signs of mosaic in 27 when 17 Inches high. Of 
the 9 plants kept in contact with mosaic plants, all remained healthy 
but I. This I was brought into contact with the diseased plant on 
March 7, was found to be free from aphids on March 31, was fumigated 
on April 7 because of the presence of several aphids, and showed signs of 
mosaic on April 17, when 35 inches high. This plant became diseased 
apparently either because of transmission by very few aphids after 
March 31 or because of contact. The latter cause seems more prob- 
able, but would make this the only case of contact transmission known 
at present to the writers. 

This experiment seems to have demonstrated that aphids can transmit 
mosaic, even better than the first experiment conducted in this green- 
house (p 262-264) . The same precautions were used in this experiment, 
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and in addition each tuber was split lengthwise so that each seed piece 
included eyes from the bud-end and the stem-end. Also, no mosaic 
leaves were put in contact with the plants when aphids were introduced, 
and all cages that had been used previously were steam sterilized. 

PHYSIOLOGICAL STUDIES 

Some work on the chemical differences between the healthy and dis- 
eased potato plants was carried out in connection with this investiga- 
tion. These experiments included a determination of the reducing and 
total sugars and starch content in the healthy and diseased leaves of 
potato plants grown under the same environmental conditions. In this 
work the potato leaves were picked off the stems and weighed. They 
were dried in a hot oven to constant weight and extracted with alcohol 
in a Soxhlet extractor. The sugars were determined in the extract, and 
the starch in the residue. The results of these determinations are given 
in Table VII. Data are given in this table as to the location of the 
plants from which the samples were taken, whether caged or in the open, 
the time of sampling, and whether the day was bright or cloudy. In 
the other columns of the table are given the results of the sugar and 
starch determinations. The determinations compared in the table are 
from plants grown under as nearly the same conditions as possible. 


Tabi^S VII . — Sttgars and starch in healthy and mosaic Green Mountain potato foliage 



Percentage of sugars as dextrose on basis of dry weight. 

Percentage of 
starch on basis of 
dry weight. 

Time, treatment of plants, 
and weather conditions 
when sampled. 

Reducing sugar, j 

Xonrcducing sugar, j 

Total sugar. 


Healthy, j 

Mosaic. 

Healthy. 

Mosaic. 

^ Healthy. 

i 

! 

Mosaic. 

Healthy. 

Mosaic, 

11 a. m. Plants cased. 
Cloudy day 

1 

I. 6 

2.8 

3 - 5 

3 - 7 1 

5 - * 

(>■ 5 

25 ! 

17 

11.3a a. m. Plants in 
open. Bright day,... 

2-3 

2.4 

5 'S 

5 - S ' 

7-8 

7 ‘S) 

23 

19 

9.30 a. m. Plants in 
open. Bright day 

2 - 5 

j 

3-0 

j.o 

5 - I 

9-5 ' 

8. 1 

21 

16 

2.10 p.m. Plants caged. 
Blight day 

1. 0 

! 

1.6 

1- 1 

3*3 ' 

2- 1 

4. 9 

18 

23 

19 

IS 

4. IS p. m. Plants in 
open. Rainy day 


4.4 

4-2 

4-3 

6.5 

8.7 

17 

IS 








»3 

IS 

Averages 

1.94 

2. 84 

4. 26 

4-33 

6. 20 j 

7.2a 

2a 7 1 

r6. 6 


From the results shown in Table VII it appears that mosaic plants 
have a higher sugar content than the healthy plants grown under the same 
conditions. This is true of both reducing and nonreducing sugars, 
though the differences in the latter are not so marked. There is an 
average of about i per cent more total sugar in the mosaic plants than 
in the healthy. With starch this relation is reversed, healthy plants 
having an average of about 4 per cent more starch than those affected 
with mosaic. It is, of course, to be remembered that the investigations 
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in this paper are preliminary in character. It is hardly possible to draw 
conclusions from so limited an amount of data, though the facts seem 
worth recording. 

METHODS OF CHECKING NATURAE TRANSMISSION 


The experimental results previously described in this paper suggest at 
least one way in which transmission of potato mosaic may occur in the 
fielU — namely, by aphids. Both species of aphids that were experimented 
with are commonly found on potatoes, including those in Aroostook 
County, Me. In 1918, a year in which aphids were unusually abundant 
upon potatoes in northern Maine, they began to appear upon the plants 
about the middle of July. Since in the experiments mottling did not 
appear after the plants had finished elongating and had produced blos- 
soms, it is quite probable that aphid transmission in the field occurs too 
late for the effects to be shown during the same season. The possibility 
of this was demonstrated in one experiment (p. 262-264) in which 
after aphid transmission some plants remained unmottled but produced 
progeny that showed disease the next season. Before evidence had 
accumulated regarding insect transmission, control of the disease was 
attempted by means of hill selection and roguing. The results of such 
attempts, together with notes made at the same time on yields, will 
now be discussed. 

hile selection 


A number of hill selections were made in 1916 and 1917 In northern 
Maine in order to ascertain more especially the progress of mosaic from 
one season to another upon the same strain and stock. Plants “ t 
different stages of the disease as well as healthy checks were included in 
these selections. The term “slight stage” was used when the plante 
had just begun to show a few mottled spots on the leaves though the 
foliage otherwise appeared like that of healthy plants. e um 
stage ” was used when the leaves had apparently just 
slightly corrugated, had six or more mottled areas, and had begun to 
shL slight dwarfing. “Bad stage” indicated that ^ 
mottled, corrugated, and decidedly dwarfed. The resuite ^ 
vations on the behavior of the foliage are presented in Table V . 
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TabcH Vin— Hill selection: Effect of mosaic of potato on vines in laboratory plots, 
Presque Isle, Me., iQiS 


Variety. 

Planted for— 

1 

z 

No. of parent hill. 

No. of tubers planted. 1 

u 

1 

■a 

d 

No. of parent hiUs proaucmff 
all healthy plants. 

No. of parent lulls producing 
healthy and mottled plant s 

No. 01 parent hills proaucmg 
all mottled plants. 

No. of tubers produanE mot- 
tled and nonmottled plants. 

cn 

rs 

Ji 

I 

•3 

d 

2; 

4 

3 

>. 

.d 

No. of plants 
in each stage 
of mosaic. 

..fl 

'S 

d 

Z 

•A 

w 

a 

•S 

3 

1 

Bliss Triaraph I 

Contralto mosaic 


8 

31 

122 

I 

7 

0 


53 

69 

3 

40 

10 

Oreea Mountain 


r 

6 

30 

1 19 

4 

2 

0 

2 

24 

95 


24 


Do 

do 

I 

11 

39 

284 

3 

3 

5 

1 

U7 

137 

I 

146 


Do 

do 

I 

5 

14 

82 



4 

0 

70 

12 


70 

13 




ir 

8 









44 

12 

Irish Cobbler 

do 

5 

3^ 

tt6 

5 

6 

3 

3 


34 

83 



13 

Green Mountain 

Slight 


s 

‘1 

7 

0 

0 

7 


7 



7 

74 


J>0 


J 



84 





6 


66 

12 


Do 

, . . ,do 


8 

24 

liji 





70 

87 

12 

54 

4 

Do 

Slight 



i ^2 







76 

6 


W 5 <;<i Xr i 1 1 m ph 

. , . do 




79 




0 

79 


27 

52 


Orrrn Mountain. ...... 

Medium 

j 


8 

32 

£J 

0 


Q 

32 


g 

16 

3 

Dn 

do 

j 



Q 




20 



20 


Do 

do 


5 

6 


63 





63 



5S 

8 

Do 

do 



75 

0 

0 

6 


73 


3 

72 


Do 

i . . . , ,do, * 









39 



39 


Do 

1 do., 



in 

40 





40 



23 

12 

T)n 

do 



6 

36 







36 



Bad 

i I 

lO 


So 








16 

64 



i I 


6 

24 








8 

16 

Do 





15 








4 

13 

Do 

, , - - - 

do 

1 \ 


s 






33 



28 

4 

Do 





r6 





j6 




16 

Do 

^ , 

d , , , , 

i 1 


6 






24 



1 

a 

Do 

Ho 


g 

i6 

3^ 





33 




33 

nii^« 

Mfriium 




*- 





39 



39 


Rlis<: Triii-mpVi 

Hn 

! 1 

lO 

OQ 

40 





40 



32 

"3 

Tri<!Vi Cnbhipr 


1 I 

J J 

22 

76 





76 



76 


Do 

Hii 









. 13 



13 


rVff^ti Mmint»Tti 


i - 


6 

24 





. 24 



24 


T>i> 

Ho 

1 1 








33 



32 


Do 





^7 

42 





43 



42 


Irish Cohhier 

Control to strealc and. 

j 

21 

47 

202 


,. ... 


s 

34 

IitS 


14 

10 


mosaic. 














Do 

do 

j 


7 

42 






30 


S 

7 






il 


T" 


■ 






1 



From these data it is apparent that progeny from plants seeming to 
be healthy in one season may develop both healthy and diseased stock 
the following season. It will be noted further that the mottling on this 
control stock the following season may develop to such a degree that it 
falls under all three stages, slight, medium and bad, and does not neces- 
sarily begin with a slight stage as one might expect. Furthermore, it is 
shown that mottled and nonmottled plants may develop from the same 
hill and even from a single tuber, similar observations having been 
recorded by F. C. Stewart (lo). 

The observations regarding degree of mottling and dwarfing in the 
control stock also obtained in the slight, medium and bad stages. In 
none of these stages did the stock necessarily run true to the stage for 
which it was selected. It will be noted also that mottled foliage devel- 
oped wherever the progeny came from plants showing the slight, medium, 
or bad stage the previous season. In but tw^o strains where the foliage 
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appeared to be very slightly mottled but questionable for mosaic in 1917 
were mottled and nonmottled plants noted in 1918. Obser\’ations upon 
the foliage symptoms were made at three different times during July 
and August, the first observations being made when the vines were from 
2 to 6 inches tall and the last just before the vines began to die. 

In connection with the observations on the behavior of the vines of 
hill-selected stock, studies were made also on the effect of mosaic on 
yield. The hills were selected from some of the same stock on which 
notes upon the performance of the foliage were taken, and hence the 
stages of the disease indicated here answer the same description as those 
presented in connection with the notes upon the behavior of the foliage 
as indicated in Table VIII. Table IX gives the effect on yield of these 
hill selections. 


Tabu^ IX . — Hill seleciions: Effect of viosaic of potnto on yield in laboratory plots, 
Presque Isle, Me., igiy-iS 


Comditit}!! o( stock in 1917 
and 19:8. 

Hill 

unit. 

Num~ 

Total 

yield. 

Average 

Yield of 
parent 
hill in 
1917. 

"Vleld per hill in 
T918 rrimpared 
ts’itli that of 1917. 

hills. 

per hill. 

IiT- 

crease. 

De- 

crease. 


4A 

8 

Lb. 

^5 

15 

0;. 

14 

Lb 

O2 

Lb 

Oz. 

S 

TJ 

Oz. 

10 

Oz. 

.do 

4C 

4D 

4 b 

4F 

5A 

55 

5C 

1 

8 

0 

I 

!4 

I 

I 



6 

:i 

6 

I 

14 

I 

9 

5 

12 




6 

14 

2 

s 

I 

9 

14 



3 

3 

5 

I 

14 

12 

15 

I 





8 







: 


I 

I 

6 

9 




0 

I 

12 

I 

6 

6 



3 


I 

14 

I 

4 

TO 



1 1 

14 


2 

I 

14 

2 
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i 1' 

I 

j2 

5 
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4 

2 ' 

6 

8 


10 

I 

0 


Hn 
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8 

I 

I 

0 

4 


do 

I6I 

6 j 


4 

I 



^3 

6 



Bad ■ . ■ 
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2iE 

! ^ 

4 

‘ 



4 


6 



2 
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I 


8 


7 

8 

I 



Hn . . 

25b 

4 


4 


3 

7 

5 

13 



3 
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2 

4 

I 

1- 



8 

1 

1 

Hn . . . . 

4 


4 



7 

3 

6 


2 

Me din ^ 

36A 

36B 

36C 

37A 

37B 

A 


2 

I 

I 

I 

i 10 


Hn . . . 

4 - 

4 

i 8 

2 

2 
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! II 


Ho - - 

4 


10 

I 


I 

0 

; 7 


Hn . - . . 

4 

; 6 

14 

I 

12 

2 

8 


12 

Hn . - . 

4 

' 4 

e; 

8 

I 

2 

I 

10 

! , . , 

8 

Ho 

37C 

^ 7 D 


14 

I 

8 

I 

8 

! 


Hn . - . . 

4 

6 

4 

I 

9 

! T 

12 

I 

' 3 
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37E 

37E 

37G 
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37I 

37 l 

371^ 

4 

5 

3 

4 

1 

5 

8 

1 I 

15 

! 

10 

do 

2 

0 

r 

i I 

II 


3 

do 

1 

I 

12 

I 

12 

; I 

6 

i 6 


do 

2 

2 

6 

I 

3 

13 

I 
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3 

Hn 

3 

2 

2 
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i I 

I 


4 

Ho 

2 

6 

I 

6 

; I 
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3 

do 


2 

U 

I 

7 

i t 

4 i 3 

1 
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No. 
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In this table the yield per hill in the season of 1918 is compared with 
that of 1917. From control plants and those slightly mottled there was 
a slight increase in yield, whereas from plants showing medium and bad 
stages of mottling there was in some an increase but in a larger number 
a decrease. Although it will be necessary to study the performance of 
such stock for a number of seasons before final conclusions upon the effect 
of mosaic on the yield can be submitted, nevertheless it is clear that mosaic 
hills can be depended upon to produce diseased progeny, while apparently 
healthy hills can not be depended upon to produce healthy progeny. 
Consequently hill selection is an unsatisfactory method of control, at 
least when practiced in a field that contains a considerable percentage of 
affected hills. 

ROGUING 

Additional observations on the effect of mosaic of potato on yield were 
made in connection with the experiments on roguing. In these experi- 
ments the stock was not hill-selected but was harvested in bulk after the 
affected hills were removed from the plots during the growing season. 
The results of these observations as well as of those on the behavior of 
the vines are indicated in Table X. 

From these data a reduction in yield of from 23 to 30 percent is apparent 
where progeny from wholly diseased lots is compared with the progeny 
from lots of the same strain and variety but with a low percentage of 
mottled plants. Furthermore, the mottled plants were reduced from 45 
per cent in 1917 to 13 per cent in 1918 as the result of but one thorough 
roguing in 1917, when the plants were about 1 2 inches tall. However, in 
order to note how much the percentage of mottled plants can be reduced 
by roguing it will be necessary to study the effect of this procedure on 
the same stock and strain for several seasons and under as nearly uniform 
conditions as possible. 

By reducing the number of diseased plants in the seed stock the effect 
of the aphids in spreading the disease is apparently considerably reduced. 
It is quite evident that such roguing must be carried on with the greatest 
care and by persons who are thoroughly acquainted with the sj^mptoms 
of the disease. Even though practically all diseased plants can be elimi- 
nated with a single roguing in one season, the work can be done more 
efficiently with two or three roguings, beginning when the plants are 
from 6 to 10 inches tall. With this method it is advisable to begin with 
a stock which runs relatively low in the number of affected plants. 

Whether it is possible entirely to eliminate mosaic by roguing has not 
been proved. From the results of the study of aphid transmission here 
reported it is evident that attempts to eliminate mosaic by roguing should 
be made on an isolated seed plot removed from aphid-infested fields. In 
addition, insects of all kinds should be kept off the seed plot by adequate 
spraying. Naturally the same precautions should be taken if one wishes 
to prevent transmission of the disease to seed plots or fields planted with 
mosaic-free seed tubers. 
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SUMMARY 

(1) Mosaic of the Irish potato has become well distributed over the 
United States. 

(2) It has a decidedly detrimental effect upon yield, 

(3) It produces characteristic symptoms upon the aerial parts of the 
plant, especially on the foliage. These symptoms may be modified or 
obscured by differences in environment or variety. 

(4) Tubers of diseased plants carry the disease. 

(5) Grafting a healthy scion upon a diseased stock, or a diseased scion 
upon a healthy stock, may result in the development of the disease by 
the originally healthy scion or stock. 

(6) Mosaic may be transmitted by transferring juice from a diseased 
plant to a healthy plant. 

(7) At least two species of aphids can transmit potato mosaic, whether 
the aphids are transferred artificially or disperse naturally. 

(8) Mosaic apparently tends to increase the sugar content of the leaves 
and to reduce their starch content. 

(9) Hill selection has not proved successful for maintaining healthy 
stock when practiced in fields having a considerable number of mosaic 
plants. 

(10) Roguing or eliminating mosaic plants before aphids become abun- 
dant is indicatedindirectly by certainexperimental evidence herepresented 
as being helpful and also has been found actually efiScient for checking the 
spread of the disease. It appears also that isolation of the rogued seed 
plot is very desirable. 
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PI.ATH A 

Foliage of Irish, potato, Green Mountain variety. Note distinct mottling and 
slightly lighter color of diseased leaves on plant at left. Single dark green leaflet 
from healthy plant at right. Presque Isle, Me., 1915. 
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PLATE B 

Foliage of potato, Bliss Triumph variety. Note decided crinkling of leaf paren- 
chyma on diseased leaf at left. More severely affected than diseased leaf on Plate A. 
Healthy leaf of same variety at right. Greenihouse. Washington, D. C,, 1919. 



PI.AT^ 25 

Leaf of Irish potato, Green Mountain variety, infected with mosaic. Medium stage 
of disease. Note mottling and crinkling of laminar parenchyma. Specimen taken 
from field, Caribou, Me., 1914. 
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PLATE 26 

A. — Healthy scion grafted upon diseased stock. Younger leaves on scion, show 
typical mottling. Greenhouse, Washington, D. C., igi6. 

B. — An illustration of a method used for introducing aphids. This method resulted 
in 89 per cent of infection before the plants matured. In practice the insect cage 
was left in place while the aphid-bearing leaves on the stick were introduced. Green- 
house, Orono, Me., April, igig. 



PLATE 27 

A. — Leaves from graft shown in B, of this plate: At right, from healthy parent of 
scion; at left, from mosaic stock; in center, from mosaic scion, 

B. — At left, healthy scion grafted to diseased stock, Green Mountain variety; at 
right, two mosaic shoots of stock. Grafted July 6, 1918. Scion decidedly mottled 
August 17, 1918. In field, Presque Isle, Me., 1918. 

C. — Leaves from corresponding parts of the plants shown in Plate 29, B. These 
leaves were near the tops of the plants and matured long after all aphids had been 
removed. The characteristic mottling was obscured by the use of reflected light, 
but the contrast in the evenness of the leaf surfaces is evident. Greenhouse, 
Orono, Me., 1919. 
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PLATE 28 

A. — 49 rx, inoculated artificially with unfiltered juices from mosaic plant February 
22 to March 22, 1919. Note mottled leaves on the two new shoots at ajjex of plant. 
Green Mountain variety. 49 ly, control, untreated plant from half of same tuber as 
49 IX. Greenhouse, Washington, D. C., 1919. 

B. — 47 3y, inoculated in same way as 49 ix, but with juices from healthy plant. 
4857, also inoculated with juices from healthy plant. Greenhouse, Washington, D. C. 

122502®— 19 3 



PLATE 29 

A. — Mosaic of potato transmitted by aphids. 142a, infected plant, Green Mountain 
variety. Plant developed beside a badly mosaic plant, thus allowing free infection 
by the aphids. Upper leaves distinctly mottled and crinkled. Lower leaves wo tliout 
mottling. 142b, healthy plant from same tuber as 142a. Greenhouse, Washington, 
U. C., March 14, 1918. 

B. — Two plants from the same tuber treated alike, except that about 200 aphids 
were introduced upon one when it was 2 inches high. Photographed 46 days after 
the introduction of aphids and 26 days after the first signs of mosaic were showm. 
Greenhouse, Orono, Me., April, 1919. 
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PLATE 30 

A. — Inoculated by means of artificial transfers of aphids from diseased plants. 
Green Motmtain variety. Transfers made February 26, March 1, and March 15, 1919, 
Distinct mottling and crinkling of younger leaves noted April i, 1919. Green- 
house, Washington, D. C. 

B. — Plants inoculated in same way as those in A of tliis plate, but with, aphids 
taken from healthy plants. No mosaic April t, igi8. Greenhouse, Washington, 
D. C, 




TEMPERATURE IN RELATION TO QUALITY OF SWEET- 

CORN 

By Neil E. Stevens, Pathologist, Fruit Disease Invesiigaiions, Bureau oj Plani 
Industry, United States Department of Agriculture, and C. H. Higgine, hutrxicicr in 
Chemistry, Bates College, Lewiston, Me. 

INTRODUCTION 

The temperature at which green swectcorn {Zea mays) is held after 
picking has an important relation to its quality. Certain features of 
this relation are discussed in the present paper. That sweetcorn canned 
near the northern limit of its cultivation is sweeter and its general 
quality superior to that canned farther south seems to be generally 
accepted (9, p. 24^; 10, p. 36)} The correctness of this belief is attested 
by the fact that it has been customary for many corn growers in Mary- 
land, for example, to purchase northern-grown seed in the belief that a 
sweeter corn would thus be obtained (lo, p. 31), and by the reputation 
of “Maine sweetcorn.'^ 

That any difference in the quality of the canned corn is not due to a 
difference in the sugar content of the com when it is picked seetns fully 
proved by the investigations of Straughn and Church {14). These 
investigators determined the sugar content of freshly picked com of the 
same variety at a series of stations located in Florida, South Carolina, 
New Jersey, Connecticut, and Maine during the four years from 1905 to 
1908. In contrast to the condition found in sugar beets, this work 
failed to show any direct relation between the latitude in which the 
com was grown and the sugar content. Corn grown in South Carolina 
showed the highest percentage of sugar, that grown in Connecticut the 
lowest, that from Maryland and i\Iaine (Crosby variety) intermediate 
and about equal {14, p. 62).'^ 

The writers believe that the advantage of northern-packed coin lies, 
at least in part, in the low^er temperatures at which it is handled, and the 
present paper aims to present the following salient points in this con- 
nection: (i) That sweetcorn deteriorates very rapidly after it is picked, 

(2) that the rate of this deterioration depends upon temperature, and 

(3) that the differences in climatic temperatures, and consequently in the 

« The work on which the present paper is based was done while the writers were investigating the 
diseases of sweetcorn in Maine, through the courtesy and at the expense of the Office of Cereal Investiga- 
tions. Bureau of Plant Industry, United States Department of Agriculture. 

2 Reference is made by number (italic) to '‘literature cited,” p. 283-284. 

8 The curves published by Straughn and Church (p. 59-60) are somewhat misleading, since, as ex- 
plained in the text, results from analyses of both Crosby and Stowcll varieties are included for Maryland 

and only the Crosby variety, having a higher sugar content than the Stowell. was grown in Maine. 
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temperatures at which the com remains after picking, are sufficient to 
cause marked differences in the rate of deterioration. Whether the 
main thesis be accepted or not, the data presented are sufficient to 
indicate that a close relation exists between the quality of sweetcom 
and the temperature at which it is handled. 

LOSS IN SUGAR AFTER PICKING 

That green corn deteriorates rapidly after picking is a matter of 
common observation, and that an important factor in this deterioration 
is the loss in sugar has- been pointed out by Straughn, Appleman, and 
others. Straughn, working with StowelTs Evergreen in Maryland, re- 
ports (ij, p, 6g) that in freshly pulled samples 4.59 to 4.74 per cent 
total sugars were found. On standing 24 hours at room temperature, 
unhusked, about one-third of the sugars disappeared ; after this the loss 
continued until the sugars reached 1.80 per cent. More recently, Apple- 
man and Arthur (2, Table III), working with the same variety stored 
at accurately controlled temperatures, report that at 20° C. more than 
25 per cent of the total sugar was lost during the first 24 hours after 
picking, and that at 30^ C. more than 50 per cent of the total sugar was 
lost in the same period. Analyses of Golden Bantam com made at 
Lewiston, Me., during 1918 showed rapid loss in sugars in stored corn. 
The ears were split lengthw'ise and a sample from one half analyzed 
immediately, while the other half was stored. 

Tabi^E I. — Total sugars in Golden Bantam corn in edible condition, calculated as per- 
centage of invert sugar on original wet weight, Lewiston, Me} 

Approxi- 

Percentage Percentage mate 
of sugars of sugars niunber 
in fresh in stored of hours 
half. half. stored at 

20" C. 



* The method used was essentially that of Bryan, Given, and Straughn as modified by Hasselbring 
and Hawkins. The total sugars were calculated as invert sugar by the methods of Munson and Walker. 
Bryan, A. H., Given, A., aud Straughn. M. N. extraction of grains and cattle fcxjds for the 
determination of sugars ... U. S, Dept. Agr. Bur. Cheffl. Circ. 71, 14 p., 1911: Hasselbring. Heinrich, 
and Hawkins, Lon A. physiological change* in sweet potatoes during storage. In Jour. Agr. 
Research, v. 3, no. 4, p. 335. 1915; Wiley, H. W., ed. official and provisional method.? of analysis ... 
U. S. Dept. Agr. Bur. Chem. Bui. 107 (rev.), p. 241, 1908. 


RELATION OF TEMPERATURE TO RATE OF SUGAR LOSS 

The recently published careful researches of Appleman and Arthur {2) 
explain the earlier and somewhat conflicting statements of Straughn, 
Church, and Wiley {1 s, 14) and leave no doubt that the rate of loss of 
sugar in stored sweetcorn is directly dependent on temperature. Apple- 
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man and Arthur summarize two years’ work on Stowell’s Evergreen 
stored at seven carefully controlled temperatures, namely, 0°, 5°, 10°, 
15®, 20®, 30°, and 40*^ C., as follows: 

In general, it may be stated that up to 30® C. the rate of sugar loss in green com 
is doubled for every increase of 10°. This applies to both total sugars and sucrose. 
It should be noted, however, that between o® and 10° the temperature coefficient 
for sucrose is considerably greater than 2. 

Before the conclusions of Appleman and Arthur were afailable, the 
writers made a few tests to determine whether temperature influenced the 
rate of sugar loss in sweetcorn. Their results agree closely with his, but 
since the work was done on another variety grown at a considerable dis- 
tance the data secured may still be of sufficient interest to warrant pub- 
lication. Freshly picked ears of Early Bantam corn in edible condition 
were split lengthwise. One half was placed in a small refrigerator which 
maintained a temperature of approximately 10® C. and the other half 
placed in a box at room temperature, about 20°. Determinations made 
at the end of 26 to 30 hours showed uniformly a lower sugar content in 
the half kept at the higher temperature. In most cases the ears were 
too small to make three satisfactory samples, so no data are available for 
the original sugar content of the ears used. The freshly picked ears listed 
in Table I were, however, of the same variety, grown in the same plot, 
and picked at the same stage of maturity as those shown in Table II; 
and if the ears used in the keeping test had about the same average sugar 
content as those in Table I (5.38 per cent of wet weight) then the halves 
kept at 20° lost, during the first day after picking, more than twice as 
much sugar (3.36 per cent) as the halves kept at 10° (1.41 per cent). 


Tabc^ II . — Toial sugars in Golden Bantam corn in edible condjhon, calculated as per- 
centage of invert sugar on original wet weight, Lewiston, Me., September, igiif 


j 

Ear No. 

Percentage of 
sugar rexnaiu- 
ing in half 
stored at ao' C, 

Percentage of 
sugar rajnain- 
ing in half 
stored at la" C. 


i 

2<43 

4. 06 

11 ... . 

' 1. 90 

3-14 


2. 28 

5 - 54 


‘ 1. 90 

3-71 


1 1, 86 

3. 18 


; 1. 78 

4. 21 


3 ' 97 





Further evidence that the rate of vital activities of green sweetcorn 
varies with temperature is afforded by tests of the rate of respiration 
The cun-es of respiratory intensity of sweetcorn during storage published 
by Appleman (r, p. 207) show that the rate of respiration is very 
during the first day after the corn is pulled from the stalk but falls off 
rapidly with storage. They clearly show also that throughout a storage 
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period of nine days respiration continued more rapidly at '30^^ C. than at 
25®. In storage tests made by the present writers during 1918, 48 ears of 
freshly picked green corn were placed in an air-tight can which had a 
capacity of 46.6 liters. The corn displaced somewhat more than 20 
liters, leaving about 26 liters of air. The can was then sealed, and loo-cc. 
samples of the air were withdrawn at intervals through a stopcock and 
analyzed by means of a commercial Orsat apparatus. In the results 
thus obtained (see Table III) some error was caused by replacing with 
fresh air that withdrawn for analysis; and the temperature of the cool 
samples rose slowly, while that of the warmer sample fell somewhat 
during the test. The differences, however, are far too great to leave any 
doubt as to the facts. With corn at a temperature of 25'’ (picked near 
noon on a warm day) there was over 19 per cent carbon dioxid at the 
end of 4 hours. With com at a temperature of 15° (picked in the morn- 
ing) 8 hours were required to reach practically the same point, while 
with still cooler corn the point was not passed in 10 hours.^ 

Table III. — Oxygen- and carbon-dtoxid content of air {n which green sweetcorn had been 
stored in a sealed container 



TEMPERATURE OF GREEN CORN IN RELATION TO AIR TEMPERATURE 

In view of the rapidity with which green corn loses its sugar and the 
relation of this loss to temperature, it is apparent that if the temperature 
of the corn itself is near that of the air there must be a difference in the 
extent of deterioration which /Would occur during a given interval in 
different localities and that this difference must correspond' to the dif- 
ferences in climatic temperatures. Observations in Maryland and in 
Maine indicate that the temperature of green corn on the stalk in the 
shade is usually near that of the air while in the sun it is often well above 
that of the air (see Table IV). 

It will be noted that in the cases cited in the table, which are typi- 
cal of several others, the com was 10° or more than 10 ° C. wanner in 
the afternoon than in the morning.^ 


« It may be of interest to note that the corn which had been kept for some time in an atmosphere defi- 
cient in oxygen was of extremely poor quality. 

2 Compare in this connection the condition reported in small fruits (rs). 
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Tabi^B IV . — Temperature (°C.) of ears of green sweetcorn on the stalk on clear days 



Gleacoe, Md,,* Aug. 6, 

Gltaicoe, Md., Aug. 9, 

Lewiston. Me., Aug. 15, 


1918. 

1918. 

igiS. 









Air. 

Com. 

Air. 

Cora. 

Air. 

Cora. 

a. m. 







6 

23. 6 

24. 7 

19. 9 

19. 6 

16. 0 

^ 5-3 


24. 6 

24. 7 

21-5 

22. 0 

17. 0 

17.0 


26. 0 

25.0 

21.3 

26. 7 

18. 5 

18. 5 


29- 5 

28.7 

28. I 

31. 2 

18. 5 

22. 0 

ID 

32. 0 

31. 6 

1 3 °- I 

35 - 0 

19. 0 

22. 5 

II 

33 - 7 

32. 8 

31- 5 

36. 6 

20. 0 

23-5 

12 

34-5 

33 - 5 

32-5 

36.7 

21. 0 

24, 0 

p. m. 










33 - ^ 

35 - 3 

22. s 

25.0 


34-5 

34 - 5 

33 - 7 

35-6 

23. 0 

26. 0 


35-0 

34-7 

33 - S 

34.2 

22. 5 

26. 0 


35-3 

35-0 

33 ’ 5 

33-5 

24, 0 

26. 0 


34-5 

35-6 

27. 8 

30- 3 

24.0 

27. 0 



35. 2 



23. s 

23- 5 


0^ 0 


23. 6 

24. 2 

22, 0 

22, 0 

8 





19. 0 

19. 0 









1 The temperatures in Maryland were talcen by Mr, William E. Srifriz. 


TEMPERATURE AT CORN-PICKING TIME IN MARYLAND AND IN MAINE 

In attempting to study the temperature of different regions in their 
relation to plant growth the investigator must stiU depend chiefly on 
meteorological data taken in cities. Thus Cox (4, p. 10), working on so 
highly specialized a crop as the cranberry, in order to compare the differ- 
ent regions was forced to use temperature readings observed in shelters 
over hard land, even though his own work had shown the great difference 
between air temperature over the marshes and air temperature over hard 
land. 

In comparing the temperature of the corn-canning districts of Mary- 
land and Maine, use will be made of the data from the observation 
stations of the Weather Bureau at Baltimore and Portland. The sweet- 
corn canning district of Maryland extends from Dorchester County 
north to Harford County and west to Frederick County. The most 
important localities lie north and west of Baltimore. In Maine, com is 
canned commercially from northern York County to southern Penobscot, 
the most important localities lying north and west of Portland. It is 
probable then that the observations at Baltimore and at Portland fumis 
a fairly reliable index of the difference in temperature between the 
sweetcorn producing districts of Maryland and Maine. Maryland and 
Maine were chosen for comparison because they are the most southerly 
and the most northerly of the important corn-canning d.stncts on the 
Atlantic seaboard and were among those included in the work of Straughn 
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and Church. The exact date on which sweetcom reaches edible condi- 
tion naturally varies somewhat \vith different seasons;^ but corn-canning 
time in Maryland almost always falls during August, and in Maine during 
September. In order, then, to give some idea of the temperature condi- 
tions under which sweetcom is handled in the two States, it will be neces- 
sary to compare the temperature of Baltimore in August with that of 
Portland in September. 


Table V. — Daily normal iemperaiures and corresponding indices for Baltimore, Md., 
August 2 to Jjj and Portland, Me., Sept^ber I to jo 


Daily normal tempera- 
tures. 

Remainder indices. 

Exponential indices. 

Physiological indices. 

Baltimore. 

Portland, 

Baltimore, 

Portland. 

Baltimore. 

Portland. 

Baltimore. 

Portland. 

’’F. 


’ F. 

"F. 





76 

64 

37 

25 

4. 0000 

2. 5198 

82.333 

30. 000 

76 

63 

37 

24 

4. 0000 

2. 4245 

82 . 333 

27. Jii 

76 

63 

37 

24 

4. 0000 

2. 4245 

82 . 333 

27. HI 

76 

63 

37 

24 

4. 0000 

2.4245 

82 . 333 

27. Ill 

76 

63 

37 

24 

4. 0000 

2. 424s 

83 - 333 

27. Ill 

76 

62 

37 

23 

4. 0000 

2-3331 

82.333 

24- 333 

76 

62 

37 

23 

4. 0000 

2-3331 

82.333 

24 - 333 

76 

62 

37 

23 

4, 0000 

2-3331 

82. 333 

24 - 333 

76 

62 

37 

23 

4. 0000 

2.3331 

83 - 333 

24 - 333 

76 

61 

37 

22 

4. 0000 

2. 2451 

82. 333 

22, 000 

75 

61 

36 

22 

3. 8480 

2. 2451 

78. Ill 

22. 000 

75 

61 

36 

22 

3. 8480 

2. 2451 

78. Ill 

22. 000 

75 

60 

36 

21 

3. 8480 

2. 1603 

78, III 

ig. 883 

75 

60 

36 

21 

3. 8480 

2. 1603 

78. Ill 

rg. 883 

75 

60 

36 

21 

3. 8480 

2. 1603 

78. Ill 

19, 883 

75 

60 

36 

21 

3. 8480 

2. 1603 

78. Ill 

ig. 883 

75 

59 ! 

36 

20 

3. 8480 

2. 0786 j 

78. Ill 

17. 778 

74 1 

59 1 

35 

20 

3 ' 7024 

2. 0786 

73. 667 

17.77S 

74 ! 

59 

35 

20 

3 - 7024 

2. O7S6 

73.667 j 

17, 118 

74 

58 , 

35 

19 

3 ’ 7024 i 

2. 0000 

73. 667 

16, II I 

74 

58 I 

35 ^ 

19 

3. 7024 1 

2. 0000 

73. 667 

16. HI 

74 

58 

35 

19 

3. 7024 

2, 0000 

73- 667 

16. Ill 

74 

57 , 

35 

j8 

3. 7024 1 

I. 9240 

73- 667 

14. 444 

73 

57 

34 

18 

3 - 5629 

I. 9240 

69. 000 

14.444 

73 

57 

34 

j8 

3- 5629 

I. 9240 

69. 000 , 

14. 444 

73 

56 

34 

17 

3 - 5629 

1.8512 

69. 000 

12. 778 

73 

56 

34 

17 

3 - 5629 

1.8512 

69. 000 

12. 778 

73 

5 ^ 

34 

17 

3 - 5629 

1.8512 

69. 000 

12. 778 

72 

55 

33 

16 

3* 4283 

1.7815 

65-333 

II, 667 

72 

55 

33 

16 

3- 4283 

1.7815 

65- 333 

II. 667 

Av. 74. 6 

59 - 5 

35-6 

20. 5 

3* 7940 

2- 13504 

76. 2591 

ig. 5992 


Table V gives the daily normal mean temperatures of Baltimore, Md., 
from August 2 to 31 and of Portland, Me., from September i to 30, with 
three sets of corresponding temperature efficiency indices. The normal 
mean temperatures are those calculated by Bigelow (j) from observed 
temperatures. That mean temperatures furnish only a very unsatis- 


> The harvest dates given by Straughn and Church U4) are: for Maryland, first week in August, 1905; 
about the first of August. 19C56; about Aug. 15, 1907; and Aug. aj, 1908; for Maine, about Sept. 15, 1905; 
Sept. 85, 1906; frost before crop matured, 1907; and Sept. 19, 1908. 
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factory basis for estimating the temperature value for physiological 
processes of a given climate has long been recognized, and the three sets 
of indices represent three suggested methods of deriving from mean 
temperatures some index which would more nearly represent temperature 
efficiency. 

Remainder indices, derived by subtracting a constant quantity (in 
this case 39) from each daily mean temperature, have been in use for 
a considerable time. The other methods were suggested recently by 
Livingston (7, ^), and all three are fully discussed by him in the papers 
cited.^ 

The exponential system is based on the supposition that plant growth 
rates follow the chemical principle of van’t Hoff and Arrhenius, which 
states that the velocities of chemical reactions about double with each 
increase in temperature of 10® C. The physiological indices were cal- 
culated from actual temperature values for the growth of com (maize) 
seedlings from 10 to 12 mm. high, as worked out by I^henbauer (6). In 
view of Appleman and Arthur’s conclusion (2) that the average tempera- 
ture coefficient of sugar depletion in sweetcorn is about 2, Livingston’s 
“ Exponential Indices” based on a coefficient of 2 are of special interest. 

The degree of accuracy with which any index derived from mean 
daily temperatures — K (maximum + minimum)— expresses the tempera- 
ture of the day must depend somewhat on the daily temperature range 
and on the shape of the curve of hourly temperatures. In figure i are 
plotted the curves of normal hourly temperatures for August at Balti- 
more, as published by Fassig (5, p. 61), and the mean hourly tempera- 
ture at Portland for September, 1918.^ It will be observed that the 
ciij-v'es are of the same general shape and that the daily ranges of tempera- 
ture are similar. 

The curves of mean hourly temperatures shown in figure i furnish a 
striking evidence of the difference in the temperatures of the contrasted 
regions during the com-packing season. The highest mean temperature 
at Portland, 62.6® E., is 6® below the lowest mean temperature for 
Baltimore, 68.6°. 

From the purposes of the present paper, however, it is unimportant to 
determine which method most nearly represents the actual rate of loss, 
since on whatever basis the comparison is made it is evident that the 
average day during the com-packing season in Maryland is much warmer 
and therefore much more severe in its effect on sweetcorn than the 
average day of the corresponding season in Maine. Deterioration of 
com after picking during a given period would then ordinarily be much 


» These three kinds of temperature efficiency indices have been compared by one of the writers lu con- 
nection with studies of the growth of fungi in relation to temperature (rr). ^ 

SThenoimalhourlytemperatureforPortlandhasnotbeencomputed. The cnirvefor Portl^d was 

par^ from data for the month of September. kindly furnish^ the wnty by 

Mrteoroloiiist in charge of the Portland. Me., Station. This, according to advice from Dr. P. C. Day. Chief 
d Climatological Division, of the U. S. Weather Bureau, gives a fairly representative curve. 
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greater in Maryland than in Maine. The original quality and the 
methods of handling being equal, com handled at a mean tempera- 
ture of 59.5° F., the mean temperature at Portland in September, must 
inevitably be superior to com handled at 74.6°, the mean tempera- 
ture at Baltimore in August.^ 

SUMMARY 

The rate at which sugar is lost increases with rise of temperature at 
least up to 20° C. 

The rate of respiration also varies with temperature, being greater at 
higher temperatures, at least up to 30° C, 

Observations in Maryland and in Maine indicate that the temperature 
of green com on the stalk while in the shade is usually near that of the 
air, while in the sun it often is above that of the air. 

The com-picking season in Maryland (August) has a much higher 
average temperature than the corresponding season (September) in Maine. 
The difference is sufficient to cause considerably greater deterioration in 
picked com during a given period. 
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VARIATION OF AYRSHIRE COWS IN THE QUANTITY 
AND FAT CONTENT OF THEIR MILK' 


By Raymond Peari, and John Rice Miner 


The present paper has for its purpose a biometrical analysis of the 
normal individual variation in the milk flow and the fat content of the 
milk in Ayrshire cattle. 

This work has been undertaken because of a strong conviction on the 
part of the authors that a fairly comprehensive knowledge of the normal 
variation of a character which is to be made the basis of genetic study is 
essential if such study is to be critical. This viewpoint is entirely inde- 
pendent of any position which one may hold regarding the genetic signifi- 
cance of different kinds of variation. As a matter of biological fact one 
never deals actually with one sort of variation absolutely free from the 
influence or effect of all others. For, even though we may be studying 
a discontinuous variation of strictly germinal origin and control, there 
will be, in the actual somatic expression of this variation, a superimposed 
fluctuating variation of nongerminal origin. The student of genetics 
ordinarily, and quite rightly, neglects these superimposed fluctuations 
and confines his attention to the underlying germinal variation. 

This is logically a perfectly justifiable procedure, hut an essential to its 
successful operation is that one shall have such an intimate and thorough 
knowledge of the noimal variability of the character in question that he 
can make his rejections of the unimportant with substantial correctness 
and hence safety. 

These considerations become particularly significant w'hen the char- 
acter dealt wdth is one especially subject to emdronmental influences, in 
consequence of which the fluctuations assume highly significant propor- 
tions in relation to the underlying germinal differences. Such characters 
are, for example, fecundity, fertility, and, to a marked degree, milk pro- 
duction in cattle. Any milk or fat record represents the result of the 
action of a complex of factors, of which those classed broadly as environ- 
mental certainly play a very important part. To arrive at any sound 
conclusions regarding the inheritance of these characters it will be essen- 
tial to form some sort of judgment as to the proportionate parts which 
genetic and environmental factors play in the production of particular, 
individual records. It seems perfectly clear that a prerequisite to 
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anything approaching a sound basis for such a judgment is a thorough 
analytical study, with the best of biometric tools, of the normal varia- 
bility of milk and fat production. 

MATERIAIv FOR INVESTIGATION 

The present study is based on the records of Ayshire cattle published 
in the Reports of the Ayrshire Cattle Milk Records Committee of Scotland, 
compiled by Speir {26) * and Howie ^ (6). Portions ci the very valuable 
records gathered by this committee have been used by other students of 
the problems of milk production, notably Wilson (50), Pearson (aj), and 
most recently Vigor {28), Wilson made use of the 1908 records, and 
Vigor those of 1909 for the Fenwick district only. 

The reports under consideration include, so far as it is possible to get 
the information, the following items; 

1. Total milk produced (in gallons). 

2. Average percentage of fat, determined from periodic tests. 

3. Total milk calculated to a 3 per cent fat basis. 

4. Weeks in milk. 

5. Age of cow. 

6 . Date of last calving. 

7. Miscellaneous information about the cow, particularly of abnormal 
circumstances of any sort during the test. 

In many cases information is lacking on some one or more of these 
points, so that, while altogether 8,132 cows were tested in 1908 and 9,202 
in 1909, nothing like these numbers are available for analytical study. 
Another difficulty arises in the fact that there is, of course, much over- 
lapping of calendar years by the lactation periods. Again there is in 
some districts frequent failure to state the age of the cow. 

In the present study all available records from the 1908 and 1909 
reports have been used, if they came within the following regulations 
which we established in order to secure critical material for variation 
study : 

(a) The recotd must be complete in all particulars — that is, cover 
items I to 6 in the list above. 

(b) The record must be based on 32 or more weeks in milk. 

(c) There must be nothing of an abnormal or unusual nature about 
the cow or the lactation, so far as discoverable from the records. 

The first of these restrictions requires no comment. 

Regarding the second it may be said that the reason for imposing 
this restriction was that, for present purposes, we desired to use long 
term averages, rather than to consider lactations of all durations. There 

' Reference is made by number (italic) to “I.itemt«TC dted,’* p. 320-322. 

* It is a great pleasure to acknowledge, with grateful thanks, the kindness of Mr. John Howie, of Ayr, 
Scotland, the secretary of the Jfilk Records Committee, in furnishing a set of the committee's reports for 
this investigation. 
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seemed good reason for the belief that one was likely to get better — that 
is, more nearly physiologically normal— values for the two characters 
here studied — mean fat percentage and mean weekly yield — if one con- 
sidered only lactations eight months or more long. Furthermore it is 
dear that no error of any consequence can be introduced by leaving out 
of account short lactations, since Vigor {28) has shown that there is no 
significant net correlation between duration of lactation and either 
percentage of fat or average weekly yield of milk, the two characters 
studied in this investigation. 

The third restriction obviously needs no argument in its justification. 
Under it were exduded cases of abortion, “off-food” at particular tests, 
diseases, and acddents of various sorts. Undoubtedly some records 
were exduded which might fairly have been regarded as normal ; but it 
was thought best, where one was working entirely from records and could 
not see the cow itself, to err, if at all, on the side of too great rather than 
too little strictness. 

The two characters dealt with in this paper are (a) average milk yield 
per week in gallons, and (6) average fat percentage. The values for the 
former were obtained by dividing the total yields as given in the reports 
by the weeks in milk. The fat percentage figures were taken directly 
from the reports. The ages were taken as centering at the mid-point of 
each year. For example, all cows recorded as 3 years or more in age but 
less than 4 years were put in the 3- year class in the tables of the present 
paper. Hence a 3-year-old is to be taken as including anything between 
3 and 4 years. 

The biometric methods used were the ordinary ones. All of the dis- 
tributions containing enough individuals to make the results significant 
were fitted with Pearson’s (i^, 20) skew frequency curves, following in 
the computations some simplifications of method. 

FREQUENCY DISTRIBUTIONS 

The frequency distributions, showing the variation in the two char- 
acters studied, are exhibited in Tables I and II, in both absolute and per- 
centage figures. 

122502®— 19 4 
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Tabij® l*‘-^Frequency distributions for variations in average weekly milk yield of Ayrshire 
cows of different ages 
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Table I, — Frequency disfribuHons /or variation in average weekly milk yield of Ayrshire 
cows of different ages — Continued 


4*year-old cows. 


5-ycawdd cows. 


Yield (in 
gallons). 


1908. 


Fre- 

quen- 

cy. 


Per 

cent- 

age. 


5 so. 


7.00. . 

7.50. . 

8.00. . 


-38 


8.50. 

9.00. 

9 - 50 . 

10.00 

10. 50 

11.00 

11.50 

13.00 

13.50 

13.00 

13-50 

14.00 

14.50 
15-00 

15.50 

16.00 

16.50 
17 00 
17 SO 

18.00 

18.50 

19.00 
19. so 

30.00 

30.50 

31.00 

31.50 

33.00 

33.50 
33-00 


4 • 76 

3 .38 

6 1. 14 

6 1. 14 


10 

13 

16 

30 

23 

27 

25 

29 

37 

41 

46 

30 

31 

35 


1. 90 

2. 47 

3 - 04 

5 - 70 
4.37 
5- 13 

4- 75 

5- 51 
7.04 
7.80 

8.75 

S' 70 


4. 18 
S-7I 
3. So 
2. 28 
2-47 
1-33 


33.50 

34.00 

34.50 

35.00 

85.50 

37.00 

39-00 


Total. 



526 


1909. 

Combmed 

years. 

I90S. 

1909. 

Combtned 

years. 

Fre- 

Per 

Fre- 

Per 

Fre- 

Per 

Fre- 

Per- 

Fre- 

Per 

quen- 

cent* 

quen- 

cent- 

quen- 

cent- 

quen- 

cent- 

quen- 

cent- 

cy. 

age. 

cy. 

age. 

cy. 

age. 

cy. 

age. 

cy. 

age. 











I 


I 











.3 














j 




j 



■ 24 















.68 

8 





in 













2 

■34 

8 

• 71 

X 

• 24 

2 

■41 

3 

•33 

8 

1-35 

14 

1. 25 

2 

•47 

I 

. 20 

3 

•33 

9 

1.52 

19 

1.70 

2 

•47 

2 

•41 

4 

•44 

18 

3- 04 

31 

2-77 

5 

1. 19 

9 

1.85 

14 

J‘54 

26 

4- 39 

42 

3- 76 

3 

■71 

7 

1.44 

10 

I- 10 

18 

3-04 

48 

4-29 

8 

I. 90 

10 

2. 05 

18 

1-98 

30 

5- 07 

53 

4- 74 

9 

2. 14 

13 

2. 67 

22 

2.43 

32 

5-40 

59 

5. 28 

17 

' 4-04 

18 

3-1^ 

3S 

3-85 

45 

7. 60 

^0 

6-26 

18 

4. 28 

17 

3-48 

3S 

3-«S 

48 

8. II 

77 

6. 89 

23 

5- 23 

39 

5-94 

51 

S- 61 

54 

9. 13 

91 

8. 14 

31 

7- 36 

47 

9.63 

78 

8-59 

39 

6. 59 

80 

7. 16 

33 

7.84 

29 

5-94 

62 

6.83 

44 

7-43 

90 

8. 05 

37 

8. 79 

40 

8. 20 

77 

8.44 

30 

5-07 

60 

5-37 

34 

8.08 

44 

9.02 

78 

8.59 

42 

7.09 

73 

6. 53 

35 

8.31 

31 

6-35 

66 

7.27 

32 

5. 40 

67 

5- 99 

19 

4-51 

35 

7- 17 

54 

5 94 

20 

3-38 

42 

3-76 

16 

3. 80 

30 

6. 15 

46 

5.06 

17 

2. 87 

47 

4. 20 

30 

7- 13 

21 

4- 30 

51 

S-fil 

15 

2- S3 

35 

3- 13 

23 

5- 46 

24 

4. 92 

47 

5- 17 

13 

2. o-j 

24 

2. 14 

16 

3. 80 

12 

2. 46 

28 

3.08 

7 

I. 18 

20 

I- 79 

)S 

4. 28 

18 

3 h 

36 

3 - 96 

15 

2- 53 

22 

1-97 

10 

2. 38 

12 

2. 46 

22 

3.42 

3 

•51 

4 

•36 

6 

1. 42 

11 

2. 26 

17 

1.87 

9 

152 

10 

.89 

S 

1. 19 

8 

1. 64 

13 

3.43 



I 

. 09 

5 

1 19 


.41 

7 

•77 

2 

.34 

5 

.45 


•47 

3 

.62 

5 

•55 

1 

. 17 

1 

.09 

3 

• 71 

4 

.82 

7 

•77 





2 

■ 47 

3 

• 41 

4 

•44 

3 

•51 

3 

. 27 

2 

■47 

1 

. 20 

3 

■33 



I 

.09 

S 

■47 

2 

.41 

4 

•44 







I 

. 20 

1 

. 11 





I 

• 24 



I 

. 11 


•17 




• 24 



1 

- 11 



9 


3 

. 20 

1 

. It 




. II 

i 

■ 24 




.1 1 

■ 11 

— 


1; XlS 


i 421 


488 


. 909 


1 ” i 






1 
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Tabus l.-^Frequency distributions for variation in average weekly milk yield of Ayrshire 
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Tabi,E I . — Frequency distributions for variation in average weekly milk yield of Ayrshire 
cowsof different ages — Continued 
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Tabi^ I . Frequency distributions for variation in average weekly milk yield of Ayrshire 
cows of different ages — Continued 


Yield (in 
£alUms). 


i2-year-oId cows. 


X90S. 


Fre- 

quen- 

cy. 


Per- 

cent- 

age. 


Fre. 

quen- 

cy. 


Per- 

cent- 

age. 


Combined 

years. 


Fre- 

quen- 

cy. 


Per- 

cent- 

age. 


13-yeat-nld cows. 


Fre- 

quen- 

cy. 


Per- 

cent- 

age. 


Pre- 

quen- 


Per- 

cent- 

age. 


Combined 

years. 


Fre- 

quen- 

cy. 


Per- 

cent- 

age. 


10. 50 — 

12.00 

12.50 — 

13.00 

13.50 

14.00 . ... 

14.50 

15.00. . . . 

15.50 

16.00. . . . 

16.50 — 

17.00. . . . 

17.50 — 
18.00 — 

18.50 

19.00. . . . 

19.50.. . - 

20.00. . . . 

20.50. . . . 

ai.oo. - . . 

21.50. . . . 
22 00. . . . 

22.50. . . . 

33- 00 

33.50 

34- 00. . . . 

24.50 

35.50 

26.50 

38.00 


1.5a 


I’ 5a 
1.52 

3-03 

3- 03 

3. 03 
A 54 
9.09 

I2. 12 
6. 06 
9-09 

4- 54 
6. o5 
I-S2 
1.52 
3‘03 
4- 54 
7- S6 

3- 03 

4- 54 


3-03 


1.72 

.86 

1.7a 

3- 45 
3.17 

5- I7 
8-62 
8.62 
6. 90 
9 49 
3. 45 

4- 31 

3-45 

6- 04 

3- 45 

4- 3* 
6. 04 
2- 59 
2. 59 


4. 76 


1.72 
I. 73 


14. 29 
9-52 
14- 29 
9- 52 


7-32 
7'3a 
a 44 
7-32 
4.88 
9-75 
4-83 
7- 3a 
2-44 
7.32 
4.88 
7- 32 
3.44 


3-23 
3- 23 


4 84 
8.06 
1. 61 
6.45 

3- 23 
11.30 

6-45 

9.68 

4- 84 
4.84 
3- ti 
8.06 
4. 84 
1. 61 
3-23 
I- 61 
].6l 


Yield (in 
gallons). 


14-yeai-olii cows. 


9.00. . 

9.50. . 

IT. 00, 

13.50. 

13.00. 

13.30. 

14.00. 

14.50 ■ 

15.00. 
j6.oo. 

16.50. 

17.00. 
>7-50- 

18.00. 


19.00. . 

19.50. . 

30.00. . 

30.50. . 

21.00. . 

31.50. . 
23-00. . 
23-SO-. 

34.00 . . 

35.00. . 

37.00. . 


Total. 


Fre- 

quen- 

cy. 


cent- I quen- 
age. 


13.63 


4-55 

4-SS 


Per- 

cent- 

age. 


Combined 

years. 


Fre- 

quen- 

cy. 


Per- 

cent- 

age. 


7- SO 


15-year-old COWS. 


Fre- 

quen- 


Per- 

cent- 

age. 


5.00 
S-oo 
3. so 
5.0a 
7.50 
7.50 

7-50 

7- 50 

7.50 

3.50 
5.00 
5.00 
7- SO 


3.50 
3. 50 
3. SO 
3. SO 
3. SO 


Fre- 

quen- 


Per- 

cent- 

age. 


5-26 
5- 36 


Combined 

years. 


Fre- Per- 
quen- cent- 
cy. age. 


5- a6 
10- 53 
5-26 
10. 53 


25' 79 
5.26 
|.26 
ao- 53 
5. 26 
5. a6 
5. 26 


4.76 

4- 76 


4- 76 
9-53 
4- 76 
14.29 


14. 29 
4. 75 
4- 76 
9-53 
4- 76 
4. 76 
4.76 


I 4-76 
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TabI/B I . — Frequency distributions for variation in average weekly milk yield of Ayrshire 
cows of different ages — Continued 


' 

Yield (in gallons). 

16'year-old cows. 

1908. 

1909. 

Combined years. 

Frequency. 

Percentage. 

Frequency. 

Percentage. 

Frequency. 

percentage. 




■ 

16.7 

16.7 

I 

1 

I 

I 

I 

12.5 

12.5 
J 2 .S 
12.5 
12.5 
12.5 
12-5 
12. s 

T C Crt 





50.0 

T 7 nr* i 

I 

I 

I 

16.7 

16. 7 
16. 7 

TJ 5" 



18.00 



20 . 50 1 

1 

50.0 

32^00 

I i 

16.7 

Total 





6 


8 







TablB II . — Frequency distributions for variation in percentage of fat in the milk of 
Ayrshire cows 
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Tabi,E II. Frequency distrihutionsfor variation in percentage offal in the milk of A if- 
shire cowf-^Contimied 


Eat 

percentage. 


a-TS 

3.85 

3-95 

3-05 

3'iS 

3-35 

3 . 3 s 

3-45 

3-55 


3-65 


3-7S 


3-«S 


3-95 


4-05 
4 - 1 S 


4 . 35 . 

4-35- 

4 . 4 s . 

4-SS. 

4 - 65 . 

4-75. 

4'9S- 

515 . 

6.35. 


Total. 



-year-old cows. 

S-year-old cows. 

J9< 

58. 

1909. 

Combined 

years. 

190S. 

1909. 

Combined 

years. 

Pre- 

Per- 

Pre- 

Per- 

Pre- 

Pe^ 

Pre- 

Per- 

Pre- 



Per- 

quen- 

iMOt- 

quen- 

cent- 

quen- 

cent- 

quen- 

cent- 

quen- 

cent- 

quen- 

cent- 

cy. 


cy. 

age. 

cy. 

age. 

cy. 

age. 

cy. 

age. 

cy. 

age. 



I 

0.17 

I 

0.09 


0.47 

2 

0.41 

4 

0.44 


1. 14 

2 

•34 

8 

* 71 

I 

•24 

4 

.83 

5 

-55 

2 

■38 

4 

.68 

6 

■ 53 

3 

-47 

7 

I- 43 

9 

■99 


1.14 

7 

1. 13 

13 

1. 16 

13 

3-09 

ir 

3. 35 

24 

2. 64 

IS 

3.8s 

8 

I-3S 

23 

a. 06 

31 

4- 99 

iS 

3.69 

39 

4. 29 

24 

4- 56 

32 

S.41 

s6 

5.01 

iS 

4. 28 

24 

4. 92 

42 

4. 63 

46 

8. ;s 

34 

5- 74 

So 

7. 16 

31 

7- 36 

47 

9-<>3 

78 

8. 58 

48 

9- 13 

S3 

S.9S 

lOI 

9-C3 

33 

9-03 

44 

9.02 

S3 

9‘ 03 

S9 

11.22 

65 

10. qS 

124 

II. 09 

52 

12- 35 

68 


120 

13- 21 

S6 

10. 65 

76 

12. 84 

132 

II. 81 

39 

9- 26 

63 

12. 79 

lOI 

11. II 

59 

II. 22 

79 

13- 34 

138 

12.34 

50 

11. SS 

52 

10- 66 

102 

II- 72 

60 

11.41 

62 

10. 47 

I22 

10.91 

41 

9. 74 

46 

9- 43 

■ S7 

9- SI 

39 

7>4I 

56 

9. 46 

95 

8. so 

33 

7.84 

41 

8- 40 

74 

8.14 

35 

6. 65 

28 

4- 73 

63 

5.64 

23 

5.46 

24 

4.92 

47 

5' *7 

22 

4. 18 

32 

S-4I 

54 

4- S3 

23 

* 5.46 

14 

2. 87 

37 

4. 07 

20 

3-80 

24 

4- 05 

44 

3- 94 

16 

3. So 

7 

1-43 

23 

2-53 

6 

r. 14 

It 

t. 86 

17 

1.5a 

4 

■95 

7 

1*43 

II 

1. 21 

5 

■95 

9 

1-52 

14 

*•25 

4 

•95 

a 

,41 

6 

.66 

10 

1.90 

6 

l-OI 

16 

1-43 

5 

1. 19 

3 

. 62 

S 

.88 

4 

• 78 

I 

•'7 

5 

■45 

5 

1. 19 

3 

• 41 

7 

-77 

2 

.38 

I 

<17 


• 27 



2 

* 62 


■33 

I 



j 

■ 09 






I 

■ 19 



j 

* 09 





1 


I 

. 17 

1 

.09 
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592 


1 . 118 


421 


48S 

i.. . 

909 










6-year-old cows. 


7-year-old cows. 


Fat 

percentage. 

1908. 

*969- 

Combined 

years. 

1908. 

1909. 

Combined 

years. 


Fre- 

quen- 

cy. 

Per- 

cent- 

age. 

Fre- 

quen- 

cy. 

Per- 

cent- 

age. 

Fre- 

quen- 

cy. 

per- 

cent- 

age. 

Fre- 

quen- 

cy. 

Per- 

cent- 

age. 

Fre- 

quent 

cy. 

Pe^ 

cent- 

age. 

Fre- 

cy. 

Per- 

cent- 

age. 



0.31 

3 












* 












4 

.84 

6 


I 

O' 32 

4 

1- 01 

5 

0- 7i> 

zosv::. 






1.63 

8 

2. S3 

6 

*■52 

14 

1-97 


16 




4-35 

13 

4.11 

23 

5. 80 

36 

5-05 

3 7^ 

17 

25 

37 

44 

42 

3* 



7-34 

52 

6-47 

20 

6 33 

20 

5- os 

40 

S6a 

-» 7C 

7. 65 



70 


34 

ro. 76 

34 

8-59 

68 

9 55 

, 

62 

13.00 


12-3* 

34 

10- 76 

40 

lo- 10 

74 

TO. 39 

3 55 


57 

lOI 

12-56 

39 

*2'34 

50 

12.63 

89 

12- 59 


12. ^ 
b. 48 

56 

SO 


98 

12. iS 

36 

11-39 

49 

12*. 17 

8S 

11.94 

J 

ro.48 

Si 

10. 07 

38 

12- <33 

46 

ll. 61 

84 

XI. 89 

3.85 . » . , 

3* 

38 

14 

II 

9.48 ' 

45 

9’ 43 

76 

9' 45 

30 

9.49 

. 45 

11-. 16 

7S 

ro.sj 


It. 62 

3? 

7’ 34 

73 

9.08 

21 

6.65 

27 

6. 82 

48 

6-74 

j rtr 

4.38 

18 

3-77 

32 

3S>S 

iS 

5- 70 

24 

6- 06 

4» 

S-9<> 

j Tr 

3-37 

1.83 

14 

3.04 

2S 

3.11 

9 

3.8s 

ri 

2. 78 

30 

3-81 


6 

6 

1.26 

12 

1-49 

6 

1.90 

10 

2- S3 

16 

3-25 

■84 


a 

.61 

7 

1.47 

9 

I. 13 

3 

•94 

3 

.76 1 

6 




8 

1.68 

8 

I-OO 

5 

1.58 

3 

• 5* 

7 

•99 

4 55 

4.65, 

3 

2 

• 92 
.61 



. Zl 

J 

3 

.38 

-38 

I 

•33 



I 

•*4 

Total.. .. 

327 


477 


804 



J 16 


396 


713 
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TabI/5 II . — Frequency distributions for variation in percentage of fat in the milk of Ayr- 
shire • cows — Continued 



lo-year-old cows. 


Fat 

percentage. 


Cwnbined 

years. 


Combined 

years. 


Fre- Per- Fre- Per- Fre- Per- Fre- Per- Fre- Per- Fre- per- 

quen- cent- qiicn- cent- quen- cent- quen- cent- quen- cent- quen- cent- 

cy. age. cy. age. cy. age. cy. age. cy. age. cy. age. 
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Table II , — Frequency distributions for uariaiion in percentage of fat in the milk of Ayr^ 
shire coivs — Continued 


la-yeaT-old cows. 


ij-year-old cows. 


Tat 

percentage. 


Combined 

years. 


Combined 

years. 


Frc- Per- Fre- Per- Fre- Per- Fre- Per Fre- Per Fre- Per- 

quen- cent- quen- cent- quen- cent- quea- cent- quen- cent- quen- cent- 

cy. age. cy. age. cy. age. cy. age. cy. age. cy. age. 



14-year-old Cows. 


is-year-old cows. 


Fat 

percentage. 


Combined 

years. 


1908. 

Fre- 

quen- 

cy. 

Per- 

cent- 

age. 







* 

50-00 

X 

50.00 
















16'year-old cows. 


percentage. 



Frequency. 

Percentage. 





I 

50-00 


I i 

50-00 

Total 

3 




1909. 

Frequency. 

Percentage. 

1 

2 

16. 67 
16. 67 
16.67 
33-33 

16. 67 

6 



Combined ycajs. 


-S 8 8 
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VARIATION CONSTANTS 

Before undertaking any discussion of the distributions given in Tables 
I and II it is desirable to have at hand the simple physical constants^ 
means, standard deviations, and coefficients of variation deduced from 
them. These constants are accordingly given in Tables III and IV. In 
the calculation of the standard deviations Sheppard’s correction of the 
second moment was used in all cases. 

Tabi^e; III . — Constants for variation in wekly milk yield 


Age of cow. 

Year. 

Mean weekly 
yield (in 
gallons). 

Standard de- 
viation (in 
gallons). 

Coefficient of 
variation. 







X909 

I3.407± -243 

3. 569* . 173 

19- 16s * 1. 326 


Combined 

13. 6io± ■ 183 

2. 514* . 139 

1S.471* .980 







1909 

13- 791 ± -058 

3. .041 

18. ro3± . 310 


Combined 

13-841^ >044 

3.449± *031 

17. 690* . 229 







1909 

IS- I77± . 076 

3- 750* .054 

18. ii8± .367 


Combined 

iS-230± *055 

2.743 d: .039 

38. 012* . 266 

5 y«>rQ 




j6. 899* . 57a 


1909 

i6.382± .083 

8-7i5± *059 

16.575* .368 


Combined 

16.463* .063 

8-7S5± '044 

j6. 736* .27a 

ft y^rc 



a. 933 d: .077 

16. S 75 * .449 


1909. 

I7-3I4± *092 

8.972* .065 

17- 163* . 385 


Combined 

17-470* .071 

2. 962* .050 

16.955* .394 

7 yMr« 

1908 





1909 

17.81^* .098 

a. 877* .069 

16. J03* .397 


Combined 

18.049* 0O73 

a-97o± *053 

16.456* .322 




3.984* .o8< 

16.477* .491 


1909 

18.371* . 104 

2.9S2* -074 

16.071* .410 


Combined 

iS. 360* .079 

3-9^* .056 

16.258* .315 

9 years 

1Q08 

18. 698* . 13s 

2.911* .095 

15* 566* . 523 


i9<39 

18. 434* . 125 

2.901* .0S8 

15- 739* . 489 


Combined , 

18.556* .093 

3.909* *063 

15-675* .3S» 

xo years 

190S 

t 8.683± -183 

3. 049* . 130 

16.318* . 713 


1909 

18. 773* . 147 

3. 030* .104 

16. 138* . 566 


Combined 

18.738* .115 

3. 037* .081 

16- 210* . 444 


X908 

18. 367* . 250 

3. 593* ■ 177 

19.560* ‘999 


1909 

17. 889* . 199 

3.059* -140 

17- 101* . 808 


Combined 

111* . 158 

3.330* .112 

18.384* .638 

la years 

1908 

18.790* .300 

3. J43* . 312 

16. 726*1. 160 


1909 

18.205* -251 

3.025* .17S 

16. 617*1. 002 


Combined 

iS. 457* . 193 

3 087* . 137 

16. 723* . 761 

13 yrars . . ....... ... 

1908 

19. 036* . 441 

3.99s* .312 

IS- 773*1. 6S2 


I90q 

tA6i6* .313 

3. 968* . 221 

15- 943*1- 


Combined 

1S.750* .356 

3.986* .181 

15.934* .989 


1908 

17.933* ,505 

3.509* .357 

19. 566*2. 065 


1909 

17.972* .603 

3. 795* <427 

21. 116*2. 477 


Combined 

17.950* .388 

3.640* .274 

20. 280*1. 591 




31. 500*1. 787 

3. 747*1. 264 

17. 429*6. 053 


1909 

17.776* -471 

3.046* .333 

17. 138* I. 929 


Combined 

iS. 131* . 487 

3.306* .344 

18. 334*1.958 

tA years 

T90S 

jS. 500*1. 071 

2- 34s* . 757 

12. 137*4- 153 


1909 

17.500* .658 

2-3^* .465 

13.653*2. 707 


Combined 

X7-875* .564 

2.364* .399 

13' 225*3. 269 

Weighteri yncans (total) 


16.489 

2-806 

17- 081 
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Tabi,B IV .—ConstanU for variation in percentage of fat in the milk of Ayrshire c 


Age of cow. • 

Year. ^ 

>Ieaa fat per- ^ 
cenUge. ^ 

itandard de- I ^ 
viation (in 
percentage). 

Coefficient of 
variation. 

a yen 


3.891*0,033 

0.293*0.024 

7.496*0.611 



3.825* .030 

•313* -021 

8. i8o± .552 


Combined 

3-853* *033 

.311* .016 

8.080* .415 



° 3.934* .oil 

0 .412* .008 ' 

“10.500* .202 

3 y 


3.915* -oil 

^ .384* .007 

69,816* .191 


1909 

Combmed 

3-895* .008 
3.9P3* .006 

-344* ,006 

.361* .005 

8.820* .148 

9. 260* • <i& 



3.J7o± .oil 

• 359* 

9. 513* . 200 

4 years 

909 

03.785* .010 

*.342* .007 

®9-034* ' '79 



d 3, 780* .009 

d .326* .006 

dg. 626* .171 



3-775* .007 

.342* ‘OOS 

9.055* .'31 



3-74*^: .013 

.358* ,008 

9-579* .2*5 

5 years 


3.694* .010 

• 335* ‘O07 

9.074* .19* 



3. 7x6* .008 

.346* .006 

9.320* .149 



3.705* .013 

.314* -ooS 

8.481* . 225 

6 years 


3.672* -oio 

.322* .007 

8,772* .193 



3.685* .ooS 

.3x9* -005 

8.664* .147 



3.694* .012 

.312* .008 

8.448* .218 

7 years 


3.689* .010 

.305* .008 

8.259* .200 



3.691* ]Oo8 

.30S* .006 

8-334* ■ '50 



3,658* .013 

.306* .cx>9 

8.358* .244 

8.8oi± .221 

8 years , 


3.668* .oil 

.313* .008 



3.664* .008 

.316* >006 

8.617* .164 



3,618* .014 

.313* .010 

.294* •009 

8. 640* . 285 
8.047* . 245 

8.336* .'S? 

9 years 


3.652* .013 



3.636* .010 

.303* -oo? 




1908 

H-H-H- 

000 

.308* .013 
.278* .009 
.291* lOoS 

8.569* .367 
7.732* .266 
8.073* .217 


1909 

Conibit' ^ 


1908 ■ 

3.653* .023 
3.608* .030 

3.639* .015 

.313* *0^5 
.306* .014 
,310* .010 

8.553* .434 

8.480* .393 
8.536* .389 


1909' ■, 

QoQibincd.. i. 4 1... 



3.610* .03 7 
3. S9I* .028 
3. 599* • 0*0 

,286* .019 

.338* .020 
.326* .014 

7-936* .338 

9. 412* . 557 

12 y 

1909. 

\ 

9.066* .405 


. 190S 

3.700* .043 
j. 559± .029 
3.606* .034 

,288* .03a 
. 273* 
.386* -017 

7.785* .815 

7.684* .576 

13 y 

J909.. 

7.942* .487 


^ 

3.595* .039 

0 c 0 

i 7.537* .770 

► 9.835*1.116 

47 

1909- ■,■■■■ 

ConxbincQ. 1 . » . ■ ^ 

3,593* ■033 

( 8.641* <656 



3.500* ■04^ 

> ,096* ,03 

1 2-736* .933 

5 6.436* .707 

15 y 

1909- , 



1 500* . 03! 

1 .216* <02 

2 6.18a* .646 



3.800* -O^i 

J ,198* .06 

6 .131* *02' 

3 .170* '02 

7 5.208*1.761 

& 3.628* .707 


1909. ■. — , 

. 1 3,662* .041 

9 1 4. 650* . 786 

Weighted means (total) 


. ,j 3-738 

1 .330 

1 8.827 


0 Including the two very high testing cows. 
h WiS the two very high testing cows. 


c Including the one very high testing cow. 
d Without the one very high tesUng cow. 


T?rom these tables a number of points are to be noted. 

I It is evident that the mean weekly yield and the fat 
u itt. the ase of the cow. The nature of these changes will not, 

s, sSd L. - b. -tad » ‘ '•» 

tion of the paper. 
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2. From comparison of the results here given with those of Vigor {28) 
it is seen that while, the general, the agreement is fairly close, there are 
some rather striking differences. Taking weighted means from Tables 
III and IV, we see that the mean weekly yield is slightly lower, and the 
mean fat percentage slightly higher, in the whole group than in the 
Fenwick district data alone. The differences in the means, however, 
are small and probably of no significance. When we turn to variation 
as measured by standard deviations, there is a striking difference in 
weekly yield. The weighted mean standard deviation for the whole 
group is 2.806 gallons, while Vigor finds for the Fenwick district alone 
4.0704 gallons. This is a large and statistically significant difference. 
In fat percentage the standard deviations are practically alike for the 
two sets of data, our weighted mean value being 0.330 and Vigor’s 0.3229 

3. The explanation for the difference in variability in weekly yield 
between our figures and Vigor’s is not far to seek. It lies mainly inthe 
fact that Vigor has dealt with cows of all ages lumped together, while 
in the present paper each year of age is dealt with separately. Natur- 
ally when dealing with a character which changes with age so extensively 
as does milk yield, as has recently been discussed by Pearl (r^), the 
variation exhibited will be markedly increased if animals of all ages are 
lumped together. In order to determine how much of the difference in 
variation was due to this cause and how much to other factors Table V 
has been prepared. This table gives the distribution for weekly yield 
obtained by adding together all of the “combined” distributions for the 
several years, as set forth in Table I. 


Tabls V . — Distribution for weekly yield combined for all ages and for the whole area to 
compare with Vigor's data for the Fenwick district alone 


Yield (in gallons) 

. . . 5 6 7 S 9 10 

ir 

12 

13 

M 1 

75 

16 1 

^7 i 

1 

iS 

Frequency 

I 3 18 33 81 146 

275 

i 1 

442 

S 92 

1 

753 

Sig 

85a 

1 769 

636 

Yield (in gallons) 


24 

25 

3 d 

27 

28 

29 

30 ' 

rotal. 

Frequency 

51 1 387 239 151 103 

63 

30 

18 

8 

3 

4 

1 

6 , 935 


Mean =>15. 991 ±0.027. Standard deviation— 3.3 29± 0.014. Coefficient of variation— 2o.8i6± 0.088. 


4. The difference between this value of the standard deviation and 
Vigor's, while reduced, is still sensible. It amounts to about 0.742 ± 
0.082. This remains to be accounted for. We find it difficult to suppose 
that the selection of relatively long lactations in the present data can be 
the cause, since Vigor himself has shown that there is no sensible cor- 
relation between either mean weekly yield or fat content and duration 
of lactation. We are much more inclined to the view, especially in the 
light of unpublished results on milk production in other breeds of cattle, 
that the Fenwick district returns give somewhat abnormal values in the 
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direction of heightened variability and also in certain other respects which 
need not be gone into here, 

5. Comparison of the present results with those of Gavin (2, j) leads 
to the same conclusions as those reached in the precedmg paragraphs. 
In Gavin's first paper (2), where 1,233 normal lactations of cows of all 
ages lumped together are discussed, coefficients of variation are given as 
follows: For total lactation yield 25.72; for average daily yield 25.78; 
for maximum daily yield 24.68; and for revised maximum daily yield 
24.77. These values are of the same order as those from Vigor’s data 
(coefficient of variation about 24.2) and from the total combined dis- 
tributions (Table V) of the present paper. In a later paper Gavin (5) 
deals with each of the first five lactation periods separately for a group 
of about 375 cows. From his data we find the weighted mean coefficient 
of variation for these five lactations to be 17,998, a value sufficiently 
close to our weighted mean value for single years of age. 

6. Turning to the fat percentage, we see that Vigor’s values of 3.681 
for the mean and 0.323 for the standard deviation are substantially 
identical with our weighted mean values of 3.738 and 0.330. Pearson 
(25) has also given some reductions for variation in Ayrshire fat per- 
centages, and the present values are again in close accord with his. 

7. It may be concluded that the values of the means and variabilities 
here given represent essentially normal values for Ayrshire cattle. 
These constants will be of considerable usefulness as time goes on, for 
purposes of comparison with other breeds and in the study of special 
problems. 

THS COMPARATIVE VARIABILITY OF MILK PRODUCTION 

Milk production is essentially a physiological character. It is a matter 
of some interest and significance to examine the variability of the 
character in comparison with other physiological characters and also 
with some that are more strictly morphological, as, for example, bone 
measurements. Such comparisons may be made through the coefficients 
of variation. It must, however, always be kept clearly in mind just what 
a coefficient of variation is; and care must be taken to avoid drawing too 
sweeping or even entirely unjustified conclusions from comparison of 
these constants. What the coefficient of variation measures is the per- 
centage which the "scatter", or variation exhibited by a distribution as 
measured by the standard de viation, is of the mean of the character vary- 
bjg. For some purposes this percentage is meaningless. It is therefore 
idle to try to force its use for those purposes. It will undoubtedly be 
presently supplemented by some other constant for the measurement of 
other aspects of comparative variability. It has, however, a perfectly 
definite, if limited, meaning. It is a unique constant of any distnbution, 
expressed in abstract units. As such it may be used for purposes of 
comparison, always remembering that one must be cautious as to the 
manner in which conclusions drawm from such comparison are stated. 
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In Table VI are given coefficients of variation for a number of char- 
acters for purposes of comparison with milk yield. The coefficients are 
arranged in order of descending magnitude. 


Table VI. — Coe^ienis of variation for various characters - 


Characters. 


CocfiScient 
of varia- 
tion. 


Authority. 


Number <rf children family (New South Wales). 

Area of comb (domestic fowl) 

Weight of spleen (Engli^ males) 

Size Utter (moose) 

Lambs per birth (sheep) 

Dermal sensitivity (E^Iish males) 

Annual egg production (domestic fowl) 

^ze of litter (Poland-Cbiua swine) 

Size trf litter (Duroc-Jersey swine) 

Milk yield (total lactation) 

Milk yield (daily average) 

Fecundity o (horse) 

Heart weight (English malw) 

Weight of kidneys (English m^es) 

Weight liver (English males) 

Swiftness at flow (EngUsh males) 

Body weight (English males) 

Revised maximum daily yield (for given age). 

Weekly milk yield {Ayrshire calUe) 

Breathing casMdty (English males) 

Strength of pull (English males) 

Weight of sheU ol egg (domestic fowl) 

Body weight (domestic fowl) 

Weight of albumen of egg (dimiestie fowl) 

Length of red blood corpuscles (Bufo tadpoles) . . . . . 

Weight d yolk ci ^g (domestic fowl) 

Amount of fat in mixed milk (daily fluctuations) . . . 
Yield of mixed milk (daily fluctuations) 

Weight of egg (domestic fowl) 

Brain weight (Bavarian males) 

Length of forearm ( English males) 

Length of femur (French males) 

Length of egg (domestic fowl) 

Stature (EngUsh males) 

Horizontal circumference of skull (English males) . . . 
Specihe gravity of egg (domestic fowl) 


48.41 
30' 97 

38. 31 

37- SO 
35- 78 
35- 70 

34- 31 

37-41 

36.00 

25-78 

35- 7» 
34.77 
33. 33 

21.05 
30. 83 
19-40 
Xg. it 
37-998 
17, oS 
16- 60 
15-00 
ij- 86 
13.66 
12. 37 


Powys (35). 

Pearl and Pearl (14). 

Greenwood (4). 

Wddon (ap). 

Pearl {rij. 

Pearson i 

Pearl and Surface (15). 

Surface (a^). 

Do. 

Gavin (3). 

Do. 

Calculated from data in Pearson (ai). 
Greenwood and Brown (j). 

Do. 

Do. 

Pearson (ip). 

Greenwood and Brown (5). 

Gavin (j). 

This paper. 

Pearson (rg). 

Do. 

Curtis (r). 

Do. 

Do. 


11.85 
II. 31 
g.6S 
9- os 


8.36 
8. 13 


SU 
5.05 
4- 34 


3-99 
3. 87 
.50 


Pearson (za). 

Curtis (r). 

Pearl (ro). 

UnpubU^ed data in this labora- 
tory. 

Pearl and Surface (r6). 

Pearl (0). 

Pearson and Lee {24). 

Pearson (rg). 

Pearl and Suriaoe (16). 

Pearson and Lee (z^). 

Macdonell (7), 

Pearl and Stmace (16). 


a Fenmdity here means the fraction which the actual number of offspring arising from a given number 
ot a>verings is of the possible number of ofispring under the circumstances. 

This table brings out the well-known fact, which has been discussed in 
some detail by Pearl (9), Gavin (2), and others, that, in general, physio- 
logical characters exhibit high coefficients of variation as compared with 
strictly morphological characters. Characters which are intermediate in 
their quantitative determination, as, for example, the length of the egg in 
the domestic fowl, give coefficients of variation intermediate in value. 
Purely physical characteristics which are usually regarded by physicists 
and chemists as “constants,” such as the specific gravity of eggs, show 
very low coefficients of variation. 

It is of interest to compare the coefficients of variation for total yield 
and absolute amount of fat in the mixed milk of a large herd with 
those for milk yield as discussed in the present paper. It is seen that 
the former are about 9, whereas the coefficients for milk 3deld give values 
of about 17 to 25, depending upon whether cows of all ages or of a single 
age are considered. 

In secular variation in the amount or quality of the mixed milk of a 
large herd, individuality of the animal as a source of variation is entirely 
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eUminated. The observed variation must, therefore, be due to the com- 
bined action of all the external environmental influences which affect in 
^eater ot less degree the milk yield of every cow. 

On the other hand, the constants of variation for milk yield determined 
in this paper are based upon the diversity or variation in weekly yield 
exhibited among a large number of different cows. Here one primary fac- 
tor in the causation of the observed variation must be the individuality of 
the animal with respect to milking ability. By individuality in this sense 
is meant the genotype of the individual with regard to the character named. 
But in the causation of the variation in milk yield as here discussed there 
must be involved the combined influence of the individuality of the 
animal plus that of all the environmental factors which act in producing 
variation in the mixed milk of the herd, since each of these causes influ- 
ences every individual animal while it is making its individual record. 

It is therefore possible to make comparison here between observed 
variations (as measured by the coefficient) , due, on the one hand, to en- 
vironmental influences alone and, on the other hand, to genotypic differ- 
ences plus environmental influences. The difference should represent 
in a general way that part of the observed variation due to genotypic 
differences. 

The figures as they stand suggest that roughly about one- half of the 
variation (measured by the coefficients of variation) in milk production 
results from the varying genotypic indi\fiduality of the animals with re- 
spect to this character, and the other half results from the varying exter- 
nal circumstances to which cows are subjected during lactation and 
which have an effect upon the flow of milk. Or, to put the matter in 
another way, if the conclusion just stated were true it wotild mean that 
if a large number of cows were placed in environmental circumstances 
which were at once ideal and uniform we should expect the variation 
exhibited in milk production to be roughly about one-half of that which 
we actually find when we measure this variation under ordinary cir- 
cumstances. 

Another point of interest in connection with Table VI is the com- 
parison of the coefficients of variation for milk }deld with that for the 
weight of the albumen of the egg of the domestic fowl. Both of these 
are secreted products. The weight of the shell of the egg is another 
character fallmg in the same category. The figures here given indicate 
that the variation in these characters, taken in relation to their respec- 
tive means, is greater for milk secretion than for albumen ot shell secre- 
tion. Or, put in another way, the oviduct as a secretory organ appears 
to work truer to type than does the udder of the cow. This result is 
what would be expected from all that is known of the physiology of the 
two organs. The secretory activity of the cow’s^ udder is apparently 
very much more easily influenced by external circumstances and by 
nervous impulses than is the oviduct of the fowl. 

122502°-19 5 
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Turning next to the analysis of the va i weekly jrield 

and in fat percentage by fitting sk w curv ved frequency 

distributions, we have the results set fori and VIII. 

Table VII gives the analytical co tants , >vpekly yield and 

Table VIII those for fat percentage. In fitt the combined 

distributions for the two years 1908 and 1909 nave been used throughout 
in the case of weekly yield. In the case of fat percentage the combined 
distributions have been used for all ages except 3 and 4 years. Since 
there was some doubt as to whether, at these ages, the fat distributions 
for the two years were significantly different from each other, it was 
thought best to fit the 190S and the 1909 fat distributions separately 
for both of the ages mentioned. 

Table VII . — Analytical constants for variation in mean weekly yield 


N Ij 44 * 

/xj 23*9798 

}t% 17*7255 

in - 1,830.3431 

3 \ .0228 


Skewness 

d (gallons) 

ff (gallons) 

Mean (gallons). .. 
Mode (gallons) . . . 
Range (gallons.). , 
•fend of range. . . . 


i,iiS 
30, 1002 
21.6903 
2,986, 7220 
•0173 

•1313 

3.2965 

.2965 

•5413 

>0240 

.0560 

•1537 

2 - 7432 
15 - 2299 
15. 0763 


S04 

35*0959 

55*2151 

4, 201, 6107 
•0705 
,2656 

.4112 

,6107 
• 0883 
.1115 

-3304 

2*9621 
17,4701 
17* IJ97 


80*0331 
4 » 307- 9103 
,145s 
.3818 
3*4593 
*4593 
.4813 
•3357 
,i66t 

•4934 
2,9702 
78.0492 
17 - 5558 


Vo per cent 

1 8. 28 

1 7*50 

1 7-79 

6.99 

6-97 

P.B. : 

± -0435 

± * 0494 

± - 0548 

± *0583 

± .06x9 

P. 

± .0870 

I ± .0988 

i . 1096 

± -1163 

± *1238 

P. S. skewness j 

± -0217 

± .0247 j 

± ,0274 

^ .0291 

± .0309 

Constant. | 

8 years. 

9 years. 

10 years. 

1 1 years. 

12 years. 

N 1 

637 

459 

320 

302 

116 

v-i 

35-2522 

, 33*8404 

36- 903s 

44.3448 

38. T 07 S 


59*3923 

1 48-3269 

44-3365 

— 22-3850 

117*4164 



334 * 0982 

3> 464, 0612 

4,387.5182 

7^459*8357 

4,642.5835 

V 

.0805 

,0603 

-0391 

• 0057 

• 249 r 

Va 

,2838 

•2455 

.1978 

.0758 

-4991 

A 

3-4876 

: 3*0249 

3.2217 

3 - 7935 

3 * 1970 



.4876 

. 0249 

. 2217 

-7935 

• 1970 


•7336 

— -1309 

-3260 

1-5698 

—■3535 

K1 

,0842 

— •3505 

.0909 

.0009 

— 1. 1203 

Skewness 

■1157 

.1283 

•0895 

— ■0259 

. 2817 

d (gallons) 

•3435 

*3732 

.271S 

—.0863 

.8695 

V (gallons) 

2- 96S7 

2- 9086 

3*0374 

1*3296 

3.0866 

Mean (gallons) 

18. 2602 

IS. 5561 

18-7375 

18. 1114 

18.4569 

Mode (gallons) 

17.9167 

18, 1839 

18. 4657 

18. 1977 

17 * 5874 

Range (gallons) 


64*4991 



45*0305 

+end of range 


67* 3343 



54* 4776 

—end of range 


2.7353 



9*4471 

Yo per cent 

7*03 

6.85 

6.57 

6. 46 

6.5a 

p. E. Va 

±.o6ss 

±.0771 

±.0924 

±* ri6,i 

±*1534 

P* E. A 

±.1309 

±•1542 

±•1847 

±•2325 

±.3068 

P. E. ckewness 

±■0327 

± * 0386 

±•0462 

± . 0581 

d: - 0767 
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Variation 




In the graduating of 
frequency curves and I 
oat. la the tables the 
grouping. 

Only the distributions tor the 
subjected to analytic' 

_ Ived become so ussion of tl. 

point of view of mean weekly yield and fat percentage not worth the 
labor involved. 


TABr,i$ VIII . — Constants j or variation in fat percentage 


Constant. 

3 years. 

4 years. 

5 years. 

6 ycai-s. 

1908. 

1909. 

1908. 

1909. 

N 





Pt 

Pt * 

Skewnfss 

d (percentage) 

614 

14. 7683 
ai. 1714 
734-3389 
•139a 
•3730 
3-3669 
•36^ 

.3164 

•3416 

.1697 
• 0653 

•3843 

3-9151 

3.8499 

82s 

11- 7973 
11.6005 
434. 5863 
.0S20 
.2863 
3- 122s 

. 1335 

— .OOog 

— 6.8108 

♦ 1432 
.049a 

•343S 

3.8947 

3-8455 

526 

12.8584 

19.9750 

582.6387 

.1887 

-4332 

3-5239 

•5239 

.4848 

■3044 

.1886 
.0676 
.3586- 
3-7696 
3- 7020 

S91 

lo- 636a 
5.8796 
342-3461 
.0287 
-1695 

3- 2036 
.0262 

- -0338 

— .6413 

.0857 

.0280 
>3261 
3- 7804 
3- 7524 

15. 748a 

16. 5764 

.8283 
12. 3400 

± .0680 

± - 13.59 

i .0340 

909 

11-9935 
10. 5807 

460.8243 

.0649 
.2548 
3- 2036 
.2036 
■ 3126 
.3327 
.1193 
.0413 

•3463 

3.7160 

3-6747 

1 




Mode (percentage) 









1.4607 
11-6700 
± *0575 

± -IISO 

± .0288 




y® percent 

P. E. 

P.E.^j 

P. E. Skewness 

10-6700 
± .0667 

± - 1334 

± • 0333 

11.0700 
± .0721 

± . 1441 

± .oj6o 

11.7500 

± .0548 
± . 1096 
± .0274 

12. 7000 
± -0583 

± .1165 

± . 0291 

Constant. | 

7 years. 

8 years. 

9 years. 

10 years. 

n years. 

12 years. 

N 

71a 

637 

459 

320 

2 Q 2 

116 


9-4598 

9.9688 

9. 1889 

8. 4448 

9- 5987 

10. 6494 


5- 0193 

9. R014 

4- 8556 I 

7- 5919 

9. 1,894 

10.0965 


344-7592 

: 309-5716 

: 247-6547 

338- 3603 

950-6424 

361.6011 

Pv 

.0298 

.0970 

-0304 

-0957 

-09SS 

.0844 

■^Px 

.1725 

•3”4 

■ 1743 

-3094 

.3090 

• 290s 


3. 7400 

3-1251 

3- 9330 

3. 2008 

a- 7204 

3- 1885 

^r» 

— . 2600 

. tisi 

— .0670 

. 2008 

- .2796 

■ 1885 


- .6093 

— .0607 : 

— . 2251 ^ 

- 1144 

- -8457 1 

•1237 


— .0370 

— 1 . 2 2 70 

— .1021 

.6425 

— . 0872 1 

-5225 

Skewness 

.1071 ; 

.1589 

•0943 

.1493 

-2194 

•1397 

d (percentage) 

■0330 

■ 0503 

. oaSO 

-0434 

.0680 

.0456 

0- (percentage) 

•3056 

-3157 

-3031 

. 2906 

- 3098 

•3263 

Mean (percentage) 

3. 6906 

3-6037 

3- 6363 

3-6003 

3.6992 

3-S991 

Mode (percentage) 

3-6576 

3-6156 

3-6076 

3-5569 

3.5612 

3-5535 


216461 

13' 3421 

4- 5770 


2- 7333 


^ IinH Af 


15. 2863 

6. 6211 


4.9959 



2. 6182 

1. 9445 

2>044t 


3. 362s 


Yo per cent 

12. 3600 

12. 7600 

13-0100 

13.9500 

13.3700 

23. 4200 

P. E. 

i • 0619 

± .0655 

± .0771 

± .0924 

± .1163 

± .1534 

p. E. ^1 

± -1237 

± . 1309 

± - 1542 

± -1847 

± .2325 

± .3068 

P. E- Skewness 

± *0369 

1 

± .0337 

± .0386 

± .0463 

± • 0581 

db .0767 
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7 9 11 13 15 17 19 21 23 25 27 29 

MEAN WEEELY YIELD - GALLONS 


Fig. I. — Histograms and fitted curves for variation in mean weekly milk yield of Ayrshire cows of ages 
3 to 7 years. The ordinates are plotted on a percentage basis, and since the base unit (i gallon) is the 
same for all diagrams the areas of all are equal 
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MEAN WEEKLY YIELD - GALLONS 

Fic. a.-Histggraim and fitted curves fur variation in mean weekly milk yield of Ayrshire cows of ages 

8 to 12 years. 




27 i9 ai i5 17 3d 4i « 4-5 47 49 SI 

FAT PERCENTAGE 


Fig. 3-— Histograms and fitted curves for variatioo in fat percentage of milk of Ayrshire cows of ages 
3 to 7 years. For purposes of illustration the curves are used in the 3- and 4-year classes. 
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The equations to the various curves are as follows: 


Mean weekly yield 

„2 \ —22.7693 10.780a tan"*- 


/ .J.2 \ —22.7693 10.780a tan"* 

3years,.y==33.7848(r+^-^) 

( r3 \”I3-6.334 3 -9661 tan-l- f - 

( y2 \ “6.8866 3.3430 tanr’ — ^-—i 


Pearson's Type IV. 


6 years. ^ 

\ 703 * 7331 / 


.2 12.4973 7-*S'?6 tau-l- 


( y -2 \ —15-4*98 16,0163 tan“^— 

( ^2 \ — 10.843 1 5-9709 tan“» 

9 years. .>’=3i.4278{ i~\ ^ ) ( i — ) 

' \ 30 *^ 954 / V 98 . 1027 ^ 

10 years. 21.0148 e 

/ ^2 V "6.380s 

II years. . y=X3-0538( i-^ ^ — ) 

j V ^423-9832/ 

years. .^=7.5643(1+^^) 

Fat percentage 


„2 \ —10.8431 5.9709 tan“» 


/ \ ^23(5 30.4278 tan“*- 

3 years. 1908- ) 

-2.04831 . X 

3 years, 1909. .>’=96.2952 (^i+— 


3 years, 1909. .>’=96.2952 e 


( _j-2 15.4559 191243 tan'll — 

^+249.6647; 

y ^ v 6 s. 3 S 87 ^ .3, 

4 years, 1909. .>=72.36051 I H ^ — ) [i ) 

V 29.2413/ V 125 - 2405 / 

/ , x2 X- 31.1847 33 . 3496 tan-i— 

5 years. .>=0.02211 i-^ — 7 ) e 

V ^546.3249/ 

/ \ -35-1463 36.8364 tan-i~^— 

ayears..y=o.oe98(r+^) e 

/ X \ 5 « 3 c 3 y ^ s 9-0123 

7 years. . j.=57.a63;(^i-F-- — j 


r2 \— 31.1847 33.2496 tan-i- 


—351463 36.8364 tan-i 


Pearson's Type I. 


Normal curve. 


Pearson's Type 11. 


Pearson 's Type I . 


Pearson’s Type IV, 


Pearson’s Type III. 


Pearson’s Type IV. 


Pearson’s Type I. 


Pearson’s Type IV. 


Pearson’s Type IV. 


7 years. .>=8 


Pearson’s Type I. 
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8 years..,= 8 .. 3 n 9 (t+j 5 ^) (.-^) 

« / . X y N 32.0755 

9 years..y=S 9 . 738 =(i+^J 


311 


Pearson’s Type I. 


Do. 


10 years, .y— 9.6682 X 10 


\ 330-3039/ 


147.9572 

e ^ "^Pearson ’3 Type IV 


( 2 V 8.2292 

^-iS6rTii6) Pearson's T>T,e II. 

— 20 / y.2 52.0148 106 . 723 S tail"* — 

12 years. .y=2.547gXia ^ '' ^^Pear 9 on’sT}T)elV. 

From Tables VII and VIII and the accompanying curves the follow- 
ing points are to be noted : 

I. It is apparent that the fitted curves give very good graduations 
of the data throughout. Pearson’s generalised probability ciir\^e has 
been shown by experience to be applicable in one or another of its types 
to so wide a range of cases that a new application calls for no special 
mention. However the continued addition of new classes of data 
easily and perfectly graduated by these cur\^es is the best refutation 
of the criticisms which were fonnerly made against them. 

2. The general tendency of these milk production and fat percentage 
variation curves is plainly toward positive skewness. All of these 
curves show a positive skewness, wdth the single exception of the mean 
weekly yield curve for cows ii years old. There the skewness is minus 
but in comparison with its positive error (on the basis of the normal 
curve) is insignificant. In other words, this cur\^e for ii -year-old cows 
is, within the limits of error of random sampling, a symmetrical distribu- 
tion. All the others are skew in the positive direction, or, in other 
words, the mean is greater than the piode. 

3. Considering the probable error of this skewmess on the basis of a 
normal curve, it is seen that in 7 out of the 10 curves for the mean weekly 
yield the skewness is three or more times its probable error. In 2 cases 
it is somewhat less than three times its probable error, while in i case 
the skewness is certainly insignificant— that for ii years, as already 
noted. In the case of fat content 9 out of the ii curves show a skew- 
ness three or more times the probable error. In 2 of the remaining 
cases the skewness is nearly three times the probable error, while in i 
case — that of the 12-year-old cows where the number of individuals 
concerned is small — the skewness is distinctly less than three times its 
probable error. From these figures it is plain that in general these 
Ayrshire milk variation curves show a significant tendency toward 
an asymmetry indicated by a positive skewness. 
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4. It is of some interest to examine the weighted mean value of the 
skesvness for all the curves, the weighting being in proportion to the 
number of individuals involved, in comparison with the skewness ex- 
hibited in the variation curves of other characters. We have for the 
weighted mean value of the skewness for mean weekly yield, the ii- 
year curve being omitted, a value of -(-0.1047. the variation curves 
for fat content the weighted mean value of the skewness is 4-0.1338, 
It was shown by Pearl and Surface (15) that in variation in annual 
egg production in Barred Plymouth Rocks the skewness is always 
negative and usually significant. This difference in skewness between 
the two characters milk production and egg production is striking. 
Curves of variation in egg production tail off more on the side toward 
low egg production, whereas the curves of variation in milk production 
tail off more on the side toward high production. The weighted mean 
values of the skewness for annual egg production in three successive 
years were found to be —0.280, —0.122, and —0.108. In other words, 
the values in general were of an order of magnitude not far from that 
here found for the skewness of curves of variation in milk production, 

5. It might at first thought be supposed that the direction of the 
skewness in milk productive curves was due to selection — that is, to the 
continued culling out of the poor producers. Since, however, the same 
factor of selection in the direction of the high producers was operative 
to as great or even a greater extent in the making up of the flocks from 
which the annual egg production variation curves were obtained, it seems 
perfectly clear that selection can have had very little to do with bringing 
about the difference in direction of skewness exhibited by egg and 
milk production curves respectively. The inference would then seem 
strongly justified that selection had nothing to do with the production 
of the asymmetry of the variation curves in either case considered by 
itself. 

6. Additional interest is given the matter when an examination is 
made of the facts regarding the direction of the skewness in the varia- 
tion of the hen’s egg in size characteristics. Such data have been fur- 
nished by Pearl and Surface {16), They show {p. 184) that in the 
variation of egg length, egg bulk, egg weight, and egg breadth the skew- 
ness is positive and significant in all cases except that of breadth. We 
see here again emphasized a point which comes out frequently in bio- 
metrical work — namely, that there is frequently between characters 
a parallelism in variation corresponding to a parallelism in the 
underlying physiological bases of the characters. This relation 
is clearly apparent in the present instance. The size of the egg is 
primarily determined by the secretory activities of the oviduct. It is 
a character which is physiologically much more directly comparable 
to milk production than is total annual production. Primarily the 
latter depends physiologically upon quite another thing — namely, the 
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inherited genes for fecundity which determine the frequency and regu- 
larity of ovulation. Corresponding to the physiological parallelism 
in egg size and milk production is found corresponding asymmetry of 
the variation curves, as well as a closer relationship between other of 
the variation constants in the two cases than is found when milk produc- 
tion is compared with egg yield. 

7. Considering the types of the curves, we find that 7 out of 10 curves 
for mean weekly yield give upon analysis unlimited range curves — 
in 6 cases the skew Type IV and in one case the symmetrical normal 
curve. Something approaching the reverse condition is found with 
respect to variation in fat percentage. Five out of the 1 2 distributions 
for this character lead upon analysis to curves with the range limited 
at both ends (Type I) and one to a curve of Type III, which is limited 
at the lower range end. The remainder of the curves are of Type IV, 
but near the border line of passage over to the limited range typ^s. It 
would then appear that the ph>^iological fact that variation in percentage 
of fat content will necessarily tend to be confined within relatively nar- 
rower limits than variation in total flow of milk is reflected in the dis- 
tribution of the several curves in respect to type. 

8. The estimation of the range ends in the case of the limited range 
curves is on the whole fairly good, leading in no case to absolutely impos- 
sible values regarding the probable errors involved. The determina- 
tion of the range ends in the Type I curve is subject to rather considerable 
probable errors. The most extreme range end estimation in mean 
weekly yield is that given by the curves for 9-year-old cows. This 
^ves for the upper range end 67.2 gallons a week. This of course would 
be an extraordinarily high average weekly yield, yet it probably can not 
be regarded as physiologically impossible. It certainly would not be 
for a single week. Indeed such a record is rather frequently exceeded 
bv Holstein-Friesian cows which on official tests ma)' occasionally go 
to a production over 100 gallons per week. In fat percentage the most 
extreme range estimation is for the 1909 curve for 4- year-old cows, 
which gives for the upper end of the range 16.6 per cent fat. Again 
this figure, while of course extraordinary for an average test, probably 
indicates no physiological impossibility for brief periods of tune. That 
such is the fact is indicated by some of the short period tests of Jersey 


cows. , ^ 

Q In all of the curves for mean weekly yield the kurtosis is positive. 

In other words, these cuiv^es show a tendency of greater or. less degree 
toward the leptokurtic condition. They are more peaked than would 
be normal curves of corresponding standard deviations The value of 
the kurtosis is probably significant in all the mean weekly yield curves 
with the exception of those for 3-year-old, 9-year-old, lo-year-old. and 
1 2-year-old animals. In curves of variation in fat percentage there is 
no Lch uniform tendency in regard to the value of the kurtosis. The 
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1908 3-year-old curve is probably significantly leptokurtic. The 1909 

3- year-old curve does not appear to differ significantly from the normal 
in this respect. The same relations hold in regard to the 1908 and 1909 

4- year-oId curves. The 5-year-old distribution is distinctly leptokurtic. 
The 6-year-old distribution is probably mesokurtic. The y-year-old 
distribution is probably platykurtic. This is the first of the fat curves 
to give a negative value for the kurtosis. The remainder of the curves 
are significantly mesokurtic. 

CAN THE VARIATION IN MEAN WEEKLY YIELD BE BETTER REP- 
RESENTED BY THE SUM OF TWO NORMAL CURVES OR BY A 
UNIMODAL SKEW FREQUENCY CURVE? 

An examination of certain of the raw distributions for variation in 
milk yield suggested that possibly we were dealing here with bimodal 
distributions. Such a possibility is well worth testing thoroughly on 
theoretical grounds, since if it were found that milk production curves 
were bimodal this fact might be used as a first point of departure in the 
determination of the number and characteristics of the (presumably 
multiple) genes concerned in the inheritance of this character. We 
have consequently subjected certain of the distributions to the method 
of analytical dissection discovered by Pearson (17). 

The distribution chosen for dissection were those for 5- and 6- year-old 
cows, the combined distribution for the two years (1908 and 1909) 
being used in both instances. (Compare Table I.) 

It will not be necessary here to go over all the details of the laborious 
aritlimetic involved in this work. It will suffice to show, as is done in 
Table IX, the best solutions when these two distributions are regarded 
as the sum of two normal curv^es in each case. 

Tabl^ J'X..— Constants of the component normal curves in ike 'variation in mean weekly 

yield 


i 

Constant. 

5 -year-old cows. 

6 -year-old cows. 

Fir5it 

component. 

Second 
component, i 

1 

First 

component. 

.Second 

ccanponent. 

Area 

716, 900 
j6. 115 
2. 298 
62. 220 

192. TOO 

17. 764 

3 ’ 753 

10. 210 

496, 600 
16. 890 
2, 418 
40. 970 

307. 400 
18 408 
3 ' 476 
17. 640 

Mean (gallons) 

S. D. (gallons) 

Modal ordinate 



From this table it is seen that the dissection gives in both cases a 
lower component curve of large area and small standard deviation and 
an upper component of smaller area and much larger standard deviation. 
This is exactly the sort of result which might well be expected if milk 
yield depended upon two hereditary factors, the higher one of which 
was linked with sex or some other factor. 



Sept. IS, 1919 


Variation in Milk of Ayrshire Cows 


315 


The graduation obtained by the summing of two curves was, in 
general, a good one. But before drawing any conclusions regarding 
genetic factors from these successful resolutions of the variation curs^’es 
into two components it will be well to determine quantitatively, bv 
means of Pearson s test for goodness of fit, whether the two component 
curves or the unimodal skew curves give the better graduations. Carry- 
ing out this test the following values are found: 



j 

1 Skew curve. 

i a-comiXJncnt 
curve. 

5'year-old cows 

P = 0 ' 

P=o. 7 i 7 
P =-0-599 

6-year-old cows 

A. u, / / 4 , 

P=o .624 



It thus appears that while both the skew curves and the 2 “Com- 
ponent curves graduate this material rather well, there is a distinct, 
if not large, advantage with the skew curve in each case. 

To sum the whole matter up it may be said that, while it is possible 
to graduate milk production variation distributions as the sum of two 
normal curves, the resulting fit is not so good as that obtained with the 
appropriate skew frequency curves. There is no evidence fiom the 
analysis of the variation curves to indicate either that milk production 
distributions are bimodal or that this character depends upon two 
rather than some other number of genetic factors. 

THE RELATION OF MILK AND FAT PRODUCTION TO AGE 

With the analyzed variation data in hand it is possible now to con- 
sider the problem of the changes in milk production per unit of time and 
in mean fat percentage, wdth advancing age of the cow. The great 
importance of a thorough and comprehensive knowledge of these rela- 
tionships, if one is to make any adequate investigation of the inheritance 
of milk and fat production, is sufficiently obvious. It is a perfectly 
well-known fact, incorporated in all rules for advanced registry of 
dairy cattle, that milk production does change with age, and to a marked 
degree. Until investigations on this subject were undertaken in the 
Biological Laboratory of the Maine Station some years ago it has always 
been assumed by those (such as advanced registry officials) who have 
had to deal with the problems that the changes of milk production with 
age were linear up to mature ’’ age, usually taken as 5 years, and that 
after that time there was no further change with advancing age. How 
far w'rong such an assumption is will be shown graphically below. It 
was pointed out two years ago by Pearl ( 12 ) in a preliminary paper 
based on calculations then completed that the fundamental law of 
change with milk flow with age is logarithmic. 

Let us now examine the facts for Ayrshires, considering first mean 
weekly yield. The necessary data are given in Table III. Ihe mean 
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weekly yields in gallons fqr the combined distributions from age 2 
to age 1 6, inclusive, are exhibited graphically in figure 5. The zigzag 
line gives the observed production as ordinate against age as abscissa* 
The smooth curve is a logarithmic curve of which the equation is 

y— I2.4766 + o.6i46:j;-“0.0366j;^ + 3.664I log %y 

where y denotes mean weekly yield in gallons and x age in years, taking 
origin from i year. This curve was fitted by the method of moments 
(compare Miner 8). 



A6E IN YEARS 

Fig. 5 . — Showing the change in jnean weekly yield of milk in Ayrshire cows. The smooth curve is 
of the form y=a+bx+cx^-d log x. 

The actual figures, observed and calculated, are given in Table X. 

It is evident from Table X and the diagram that the change here is 
logarithmic. No better agreement between observ^ation and theory than 
that here shown could be expected. The law of change may be stated in 
words in the following way : In these Ayrshire cattle the absolute amount 
of milk produced per unit of time increases with the age of the cow until 
a maximum is reached, but the rate of increase diminishes with advanc- 
ing age until the absolute maximum of production is reached. After the 
time of maximum productivity the absolute production per unit of time 
decreases with advancing age, and at a continually increasing rate. This 
conclusion agrees with that of Pearl and Patterson (ij) for Jerseys. 
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TablB X . — Comparison of observed mean 'weekly yields at different ages niih those cal- 
culated on the assumption that the change is logarithmic 


2. . 
3- 

4. . 

5 -- 

6 .. 

7 -* 

8 .. 

9 ■ 


Age (in years). 


Mean weekly yield (in 
gallons). 


Observed, | Calculated. 


13.610 

13*055 

10. 

13. 841 

14. 656 

II. 

^ 5 * 230 

15 * 730 

12. 

16. 463 

16. 544 

13 - 

17.470 

17. 183 

14. 

18. 049 

17. 684 

15 - 

1 18. 260 ' 

18. 067 

16. 

iS. 556 

18. 344 I 



Mean weekly yield (in 
gallons). 


Age (In years). 


Observed. 

Calculated. 

18. 738 

i 3 . 524 

18. I n 

18. 610 

18.457 

18.608 

18. 750 

18.519 

17.9'io 

18. 346 

18. 131 

18. 091 

17*875 

1 

17 * 754 


With the equation relating to mean weekly yield and age in hand we 
may consider the important problem of the age at which milk produc- 
tion is at a maximum in these cows. To get an answer to this question 

we have obviously only to equate ^ to zero and solve for x. 

We have 

^ ^ I ^-5913 

^^=0. 6146-0. 0732X+— 


When ^=0, we have 

dx 

x= 10.4720. 

Or, we may say that in the large group of cows here dealt with the 
maximum rate of milk production per unit of time is reached only when 
the cow is 10^ years old. 

Turning next to the relation of fat percentage to age, we have the es- 
sential data exhibited in Table XI, the values being taken from Table IV. 


TabIvU XI . — Mean fat percentage at different ages 



i ^ 

Mean fat percentage. !i 

Age (in years). 


: 



Observed. 

: Calculated. 



3- 852 

3.862 

ro. 


3-903 

3.827 

II . 


3*775 

3 * 793 

12. 


3.716 

: 3 * 759 

15 ' 


3*685 

3 * 725 

14. 


3. 691 

3 . 6go 

15 - 

8 - . 

3. 664 

3-656 

16. 

9 ■' 

3*636 

3.622 



Mean fat percentage. 


Age (in years). 


Observed. 


I Calculated. 


3. 600 
3.629 


3 * 599 
3. 606 

3' 592 
3-Soo 
3, 662 


3. 607 
3.604 
3. 6or 
3-59^ 
3*595 
3 * 593 
3' 590 


From an examination of the obser^'ed figures it appears 
the fat percentage tends to decline with advancing age 


that in general 
until the tenth 
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r «=Parately, each with a straight line 

The resulting figures are given in the “calculated” column of Table Xl' 
and are shown graphically in figure 6. The equations to the tw^ 



From 2 to 10 years of age: 

y= 

age: 

y = 3.6io-o,oo28x. 


y-3.896-o.0343x. 
i'rom lo to i6 years of age: 




This paper presents the results of a biometrical analysis of variation in 
the quantity per unit of time, and the quality, as indicated bTfa Tr 

TOnstfnts°for i cows. Its purpose is to establish normal 

W nf / variation in these characters, to serve as a 

base of reference in future genetic studies on milk production. 
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The chief results of this first part of the investigation may be sum- 
marized as follows : 

(1) The mean weekly yield and fat percentage of the milk change in a 
considerable degree and definite manner with increasing age of the cow. 

(2) The weighted mean standard deviation and coefficient of varia- 
bility for mean weekly yield of cows of any given age are 2.806 gallons 
and 17,081 per cent respectively.- Reasons are given tending to show 
that these may be taken as very close approximations to true normal 
values. For cows of all ages lumped together the corresponding values 
are 3.329 gallons and 20.816 per cent. 

(3) For fat percentage the weighted mean values for cows of any given 
age are as follows: Mean -3.738, standard deviation = 0.330, and coeffi- 
cient of variation= 8.827. 

(4) A table is presented (p, 18) showing the relative variability of milk 
production as compared with other physiological characters. The udder 
as a secreting organ is compared with the oviduct of the hen; and it is 
shown that the oviduct considered as a mechanism operates with some- 
what less variability than does the udder, having regard to the absolute 
weight of the product in the two cases. 

(5) Evidence is presented which indicates that about one-half of the 
observed variation in milk production results from the varying genotypic 
individuality of the animals with respect to this character and that the 
other half results from varying environmental influences. 

(6) Milk production curves, analytically considered, tend definitely 
toward positive skewness. This is true in respect to yield and to 
quality. The weighted mean value of the skewness for mean weekly 
yield is found to be -f-0.1047, and that for fat percentage +0.1338, 

(7) Evidence is presented which indicates that selection can have had 
little if anything to do with determining the direction or the amount of 
skewness shown by milk production curves. 

(8) The curves for milk yield tend on the whole to fall more frequently 
in unlimited range types, while those for fat percentage tend more to 
limited range types. The estimation of range ends given by the theoreti- 
cal curves are, on the whole, good. 

(9) In general the tendency of milk yield curves is toward the 
leptokurtic condition— that is, they are more peaked than the corre- 
sponding normal curves would be. Fat percentage curves do not show 
any definite tendency with respect to kurkosis. 

(10) Certain of the milk yield curves were dissected into two normal 
curves by Pearson's method. The resulting graduation was not so good 
as that given by the appropriate unimodal skew frequency curve. There 
is no evidence that variation curves for milk production curves are 

biomodal. ^ • 

(11) The change in mean weekly yield of milk with advancing hge is 
found to be represented by a logarithmic curve, and to be in accordance 

133503® — 19 6 
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with a law which may be stated in this way : The absolute amount of 
milk produced per unit of time increases wn'th the age of the cow until the 
maximum is reached, but the rate of increase diminishes with advancii^ 
age until the absolute maximum of production is reached. After the 
time of maximum productivity, the absolute production per unit of time 
decreases with advancing age at a continually increasing rate. 

(12) The mean fat percentage of the milk was found to decline with 
advancing age until the tenth year of the cow’s life is reached. From 
that point on, the fat percentage remains about constant through the 
remainder of the milking life of the cow. 
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Sulphur in Oregon soils 89 

Sulphuric acid. See Acid, sulphuric. 

Sunflower aphis. See Aphis kdianlhi. 

Sweetcom— 

lossof sugar after picking 276-378 

storage of— 

carbohydrate metabolism during i37"i52 

formation of starch during ' r49'iS2 

loss of free-reducing substances during . 142-152 

loss of sucrose during 142-152 

loss of sugar during 142-1S2 

relation of — 

carbon dioxid to 278 

oxygen to - 278 

temperature to loss of sugar 276-283 

Temperatxue — 
effect on- 

carbohydrate metabolism in sweetcom 

during storage I37“i52 

germination of camphor seed 232-237 

settingof fruit in plum 108-110 

toxity of Demis extract 182-1S4 

trichinae 201-221 

relation to loss of sugar from sweetcom . . 2 7O-283 

soil, influence on rootrot of tobacco 60-73 

Temperature itt Relation to Quality of 

Sweetcom (paper) 275-284 

Teosinte. See Euchlaena meiicana . 


Tciranydusbimarulatus, toxity of Demis to 193-200 

Xherma 1 Heath point of trichinae 201-221 

Thielavia basicoh, cause of rootrot of tobacco. 41-86 
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Tobacco, See,Vtcohcn<ifci>ac«TO. 

“Toeba.’* See Der ri’r spp. 

Trichinae, Sec T richtnella spiralis. 

TrickiTiella spiralis-^ 

effect of beat on 201-221 

larvae— 

decapsuled, effects of heat on 204-212 

encysted, effects of heat on 212-221 

^‘Tuba." See Dfrrirspp. 

“Tubain," substance derived from Derris 

eiliptica ^79 

Tubers, transmission tf mosaic by 


250,253-254)261-263 

Tulip-tree aphis. See Macrosipkum liriv 
dendri. 

Turnip aphis, false. See Kkopahsiphum 
pseudobrassicac. 

Tussock-moth caterpillars. See IJemerccam- 


pa ley^JDsiisma. 

Ultra-Microscopic Examination of Disperse 
Colloids Present in Bituminous Road 

MateriaKpaper) 167-176 

Variation of Ayrshire Cows in the Quantity 
and Fat Content of Their Milk (paper) . . 285-321 
Water in meat extracts 3)7 


Weather , relation to fmitfulness in the plum 103-1 26 
Web worms, fall. See nyPhanlria cvitea. 
Zea-Euchlaena hybrids, structure of ear. . . 1 27-135 


Zea— 

mays— 

al icoles, manj'-ranked 128-134 

alicoles. yoked 128-134 

spikelets, paired 128-134 


ramesa, intermediate between Euchlaena 
and 









